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PREFACE 


The present report describes activities completed under NAS5-22411 
Task lb. The objective of this portion of the contract was to analyze, dis- 
seminate and report results based on data gathered by the Mapping X-Ray 
Heliometer Experiment on OSC-8 between June 23, 1975 and September 30, 1978* 
The primary contents of the report are reprints and pre-prints of articles 
appearing in major scientific publications. These cover a wide range of 
subjects related to solar X-ray activity. Unpublished results, Including 
those from the extra-solar program are briefly summarized. Efforts in the 
areas of documenting, cataloging and preserving the data are also described. 
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1. INTRODUCTION 


The following report summarize* a portion of the work performed under 
Contract NAS5-22411, as dictated by the guidelines contained therein. 

Contract NAS5-22411 included the obligation to perform three major tasks: 

(a) orbital operations of the Lockheed Mapping X-Ray Heliometer experi- 
ment on 0S0-8 (Task la) 

(b) the analysis and dissemination of data therefrom (Task lb) 

and (c) the analysis of data from the University of Colorado hj^h resolution 
ultraviolet spectrometer expelment on 0S0-8 (Task II).' 

The results of Task la have been previously reported (Wolfson, Acton, and 
Smith, 1978)*, and those of Task II are being described In a separate but 
concurrent report (Bruner, 1980). The present report therefore confines 
Itself to activities undertaken under Task lb. 

Complete details as to the Mapping X-Ray Heliomter (MXRH) instrument 
itself have been provided In the Final Report to the Instrument development 
contract (Wolfson, Acton, and Cllbreth, 1975), and are summarized in the 
TECHNICAL MANUAL (1975). Basically, It consists of six proportional counter 
detectors arrayed behind three one-dimensional collimators fixed to the 
rotating wheel section of the satellite. As these sweep across the sun, the 
now-famillar histogram X-ray map Is produced (Figure 3-3). The counts forming 
each of the histogram bins, or "area segments M , are further sorted Into 16 
energy-related pulse-height channels, from which the approximate spectrum of 
the emitting plasma can be deduced. The Instrumental parameters are 
summarized in Table 1.1. 

The work performed under this phase of the contract involved a number of 
related Casks: (a) documenting and processing the data received; 

(b) developing the software necesary for its analysis; (c) distributing 
partially reduced data to the solar community on a neat real-time basis; 

(d) interpreting the results in terms of physical mechanisms; (e) publishing 
the conclusions; and (f) forming an archival set of reduced data for 
preservation in the National Space Science Data Center. Our accomplishments 
in each of these areas are detailed in the sections which follow. 


* (Publications developed under the present phase of the contract are listed 
in Appendix A. All other references are given in the Bibliography. 
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TABLE 1.1 


FHT8ICAL SIZE: 
WEIGHT: 

POWER: 

TM RATE: 

DETECTION SYSTEM: 

SPECTRAL RANGE: 
SPECTRAL RESOLUTION 
ANGULAR RESOLUTION: 
TIME RESOLUTION: 
EFFECTIVE AREA: 

DYNAMIC RANGE: 
CCWfflHT: 


E XP ERIMEN T SUMMARY 
MAPPING X-RAY HELIOMETER 


ONE OSO-8 WHEEL COMPARTMENT 

86 LBS 

9.5 WATT8 

580 BITS/SEC 

ODA TYPE COLLIMATORS 
PROPORTIONAL COUNTERS 

2 - 30 KEV 

< 20* FWHM AT 6 KEV 

2 ARC MIN FWHM COLLIGATION 
10 SEC 

3 DETECTORS . . . 60 CM 2 EA (LARGE DETECTORS) 

2 DETECTORS . . . 2.3 CM 2 EA (THIN WINDOW DET.) 
1 DETECTOR ... 1 CM 2 (SMALL FLARE DET.) 

> 10 5 

3 COLLIMATED SYSTEMS (0°, ± 60° 

FRGM VERTICAL) SCAN THE SUN TO 
PRODUCE SPECTRCHELIOGRAMB. 


2. SCOPE OF DATA 

The dace provided to Lockheed by the mission control center at Goddard 
consisted of two main varieties: quick-look and production. The quick look 

data differs from the production in that it offers less complete coverage and 
less adequate engineering data. In particular, it lacks information regarding 
the final aspect solution of the spacecraft, thereby admitting the possibility 
of some positional errors in the maps produced from it. Otherwise, the 
scientific content is very similar to that of the production data which later 
supersedes it. 

2.1 Quick Look Data 

The quick look data was received on the evening following its 
acquisition via a direct telephone link with Goddard Space Flight Center. 

Each transmission contained data from 1 to 4 orbits (out of the 16 which occur 
each day). Although there were frequent problems with the phone lines, some 
quick look data was eventually received for all but 31 of the 1196 days of 
orbital op .ration (nearly half the omissions occurred in December 1977). The 
data was recorded on magnetic tape, and stored until its analysis was 
completed. 


2.2 Production Data 

The production data was received by mall. Each tape contained the 
set of data dumps falling on a particular day, and was received, typically, 
about two months after their acquisition. Each tape received was cataloged, 
and entered into the Lockheed tape library in Sunnyvale, California, where it 
is preserved. Production tapes were eventually received for all but one day 
of orbital operations (March 10, 1978). In addition to the original tapes in 
the Sunnyvale tape library, an additional set of 485 copy tapes was made, each 
reel containlrg the data for approximately 2.5 days of operation. These copy 
tapes are rtored at the computer facility in Palo Alto, and are used in the 
day-to-day analysis operations. Surplus quL:k-look rapes were used as the raw 
material. 

2.3 Coverage 

Both data sets cover the period June 23, 1975 through September 30, 
1978, a period which included the trailing part of the last solar cycle, and 
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the ascending part of the current one (see Figure 2.3-1). The first solar 
data were obtained on June 24th. With the exceptions noted In the Final 
Report to the operations phase (Wolf son, Acton, and Smith, 1978), the Happing 
X-Ray Heliometer was operated In Its solar data collecting mode for 
approximately 60 minutes (sunrise to sunset) out of every 90 minute orbit; but 
because of additional down time introduced by the South Atlantic Anomaly, the 
total coverage is only about 50Z of each day. Also, some orbits are missing 
from the production tapes, particularly during the last months of operation. 

3. SOFTWARE DEVELOPMENT 

In the course of the activities undertaken under the current contract, a 
wide variety of computer programs have been developed for handling and 
manipulating the scientific data. Initially, the quick look tapes were 
processed on an HP-21160 mini-computer acquired during the instrument 
development phase of the project, and the production tapes on the main 
Lockheed computer system in Sunnyvale. Later; both functions were transferred 
to an HP-1000 computer, which was acquired under the present contract 
explicitly for the purpose of data analysis. This computer is equipped with 
two 9-track 1600 bpi tape drivers, an interactive CRT display terminal, and 
Versatec plotter/printer. Table 3.1 summarizes the most important software 
capabilities available for quick look and production data. 

The most basic software capability is that of being able to extract from 
the tapes the engineering status information and the contents of the 
individual data memories. Figure 3-1 illustrates a typical printout of 
engineering status information. This is always available but seldom 
explicitly extracted, since the information required can generally be used 
internally by the other programs. Figure 3-2 shows the contents of a typical 
Mapping X-Ray Heliometer memory, which consists of a two-dimensional (32x16) 
array of numbers. Each number in the array is a proportional detector 
count. The thirty-two lines are the X-ray spectra observed in each of the 
positional area segments (the sixteen columns corresponding to the number of 
counts at different energies). The last line is used to record the background 
spectrum. In the particular example chosen, the peaks due to two separate 
sources as easily recognizable in area segments 14-19 and 25-29. Both show 
the maximum number of counts in the fifth energy channel. 
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Table 3.1 BASIC SOFTWARE CAPABILITIES 


1 . 

2 . 

3. 


5. 

6 . 

7. 

8 . 


Function 


Printout engineering status Information 
Printout Individual memories of data 
Printout changes In engineering status 
Scan data for major Intensity fluctuations 
Compute and printout orbital sums 
Create and display histogram maps 
Determine source coordinates 


9. 

10 . 


Plot light curves (Intensity versus time) 
for selected area segments 


Produce automated light curves for pre- 
selected source coordinates 


Extract spectra for specified times and 
fit temperatures to them 


Quick 

Look 


X 

X 

X 

X 

X 

X 

X 


X 


12 . 

13 . 


Extract and plot time sequences of temperature 
and emission measure for specified locations 

Determine expected location of an extra-solar 
source 


Produce and display reference maps showing 
relative locations of McMath regions 


Produc- 

tion 


X 

X 


X 

X 

X 


X 


X 

X 

X 

X 

X 

X 
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Figure 3-1: Sample printout of engineering information. 
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ORIGINAL page is 

OF POOR QUALITY 


I77TTT FILE- I RECORD* 37 
• < 20*20 OR as e/78 ( DAT 210 ) 060 lit LITE 0 TCCRH DAY SA < ROWl/COARSE) FT* 122 

762 172 377 377 



Figure 3-2: 


Printout of an MXRH memory showing counts from 
two sources (August o, 1975; 0028:28 UT). 
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In order to interpret such memory data spatially, the rows are summed 
horizontally over a pre-selected set of energy channels (usually 2-13 or 
2-15), and the results displayed in the form of a histogram map (Figure 3- 
3). The histogram map appears on a Tektronix CRT screen permitting the source 
locations to be selected in an Interactive fashion. The computer converts the 
indicated source positions directly into heliographic coordinates, which are 
also Included as a part of the display. The approximate temperature and 
emission measure of the plasma producing the intensity peaks can be determined 
by examining the underlying spectra. The computer contains in its memory a 
series of spectra corresponding to the response of each detector to a variety 
of Tucker and Koren (1971) like Isothermal plasmas. From these the best fit is 
selected, and the chi-squared test is used as an indication of the goodness of 
fit (Figure 3-4). 

Time variations of intensity can be studied by making a sequence of maps, 
but this is cumbersome. A more efficient technique is to use the light curve 
option (Figure 3-5), in which the count rate from each memory containing 
information regarding a particular detector-position swath is plotted as a 
function of time. This will normally provide a temporal resolution of about 
one point per twenty or forty seconds, depending on the detector. When suffi- 
cient counts are available (as during a flare), each intensity point can also 
be fit by a temperature and emission measure (Figure 3-6). If desired, the 
preflare spectral contribution can be subtracted so that only the flare plasma 
is analyzed. 

Of these basic data reduction capabilities a number of special-purpose 
varitio>'s exist. One of the most powerful is the automated light curve 
production technique which was extensively exploited in our preparation of the 
archival data set for the National Space Science Date Center (see Section 
5.3). In this mode, the coordinates of the positions to be monitored are 
selected in advance, and the data from all three collimator systems are used 
to place an automatic limit on the possible level of X-ray emission from each 
of these points at intervals of one minute in time. The full disk output of 
the sun is also monitored, and the results stored on tape. 


9 




DETECTOR* LV DATE 8/26/75 TINE 13:29:24 
AREA SECMENTS 14 TO 19 PITCH .198 


COLCT* 

1*839 


AVERAGE 

TIME* 13.592 


FOR 

56 MEMORIES 

COUNTS* 

835 

1205 

1739 

719 

267 

94 

62 

24 


15 

4 

10 

8 

11 

31 

51 

57 

BACKCR* 

2945 

34 

34 

30 

34 

33 

43 

70 


31 

20 

40 

38 

21 

113 

183 

211 


COLLECTING TIME* 35.84 SEC 
BEST FIT PARAMETERS 
T6* 3.350 

EMISSION MEASURE* 22.794 PER AREA SECNENT IN 6. AREA SEGMENTS 
CHI SO* 35.99 FOR 11 DECREES OF FREEDOM 


CHANNEL 

ENERGY 

OBSERVED 

PREDICTED 

SICMA 

CHI SO 

1 

1.46 

. 106E+03 

. 1O4E+03 

.309E+0 1 

.3 

2 

1.96 

. 153E+03 

. 148L+03 

* 37 1E+0 1 

2 . 2 

3 

2.54 

. 630E+02 

. 733E+02 

. 239E+0 1 

18.6 

4 

3.06 

• 227E+02 

. 227E+02 

. 140E+01 

.0 

5 

3.58 

. 742E+0 1 

. 656E+0 1 

* 907E+C0 

.9 

6 

4. 13 

.430E+01 

. 103E+01 

* 77 1E+00 

10. 1 

7 

4.82 

. 177E+00 

. 400E+00 

. 602E+Q0 

. 1 

8 

3.80 

. 466E+00 

. 209 E-0 1 

. 44 1 E+00 

1.0 

9 

6.33 - 

. 203E+00 

.439E-02 

. 205E+00 

.3 

10 

6,83 - 

. 229E+C0 

•946E-03 

. 422E+00 

.3 

1 1 

7.44 - 

.350E+00 

. 149E-03 

.396E+C0 

.0 

12 

7.96 

, 390Z+00 

. 270E-04 

* 372E+C0 

1.1 


TOTAL SOURCE COUHTINC HATE* 357.03 < BASED ON 4150 COUNTS) 

THE TOTAL BACKGROUND COUNT INC MATE WAS 11.942 
LIVE EXTOSURE TIME* 11.269 TRIANCLE FACTOR* 1.00 


Figure 3-4: Comparison of observed and predicted spectra in 12 

energy channels • 
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Figure 3-6: Resolution of intensity light curve into temperature and emission 

measure components* 
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. EXTENT OF DATA ANALYSIS AND DOCUMENTATION 

The extent to which the available data have been analyzed Is summarized 
in Table 4.1* All quick look data and every production tape received has been 
examined. From either quick-look or production sources a characteristic X-ray 
map has been drawn for each day of operation. These are kept in a series of 
folders to which supplementary Information may be added as appropriate. This 
would Include spectra and, when significant intensity variations were noted, 
light curves and additional maps at the various event peaks. For the most 
part, this archive was produced in near real-time, using the telephone-trans- 
mltted quick look data. A separate complete set of quick look records of 
calibrations and engineering status is also maintained (as Indicated in the 
Operational Phase final report, the instrument displayed very little variation 
in performance over the lifetime of the experiment). 

The production tapes are already partially documented when received from 
Goddard, in the sense of being accompanied by a list giving the contents 
(i.e., date and times) of each data file. These records have been preserved, 
but for the most part, they are superseded by the more extensive (and more 
relevant) listings of solar X-ray coverage times prepared as part of our 
submission for the National Space Science Data Center (see Section 5.3 and 
Figure 5.3-1). 

On the negative side, it would not be possible to say that the wealth of 
spectral data contained in the MXRH archives has been adequately 
Investigated. The dally active region temperatures determined between 
August 1, 1975 and June 30, 1977 were a start in that direction, but detailed 
time-dependent spectral variations have been studied in only a few Isolated 
events of special interest. The reason for this is that the extraction of 
temperatures is difficult and time-consuming, and does not lend Itself easily 
to automation. Moreoever, the results depend on the choice of detector and 
energy channels. The reduced data set prepared for the National Space Science 
Data Center has also not been adequately studied, and is the object of a 
follow-on Contract (NAS5-25906). 

Some potentially-interesting positional variations may have been 
overlooked as a result the of the relatively low number of histogram maps 
which were produced out of the vast number potentially available. We have 
concluded, however, that to first order, with the resolution of the current 
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Table 4.1 


J 

j 

I 

| 


J 

i 


EXTENT OF DATA PROCESSING 



Quick Look* 

Productlont 

Histogram Map 

at least one 
per day 

as needed 

Scan for flares 

all 

N/A 

Automated light curves 
for National Space Science 
Data Center 

N/A 

every day 

i 

Active region 
temperatures 

1 

at least once per 
day through 
June 30, 1977 

as needed 

Orbital sums 

one-fourth 

one-third 

Calibration 

all 

all not in 
quick, look 


I 

■ * 1165 days available, average of 3 orbits per day 

t 1195 days available, average of 16 orbits per day 
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experiment, the solar active regions tend to act as relatively stationary 
point sources In the 1~&$ band* The most important Information Is therefore 
to be found in their intensity variations, which we have studied In detail. 

5. DISSEMINATION OF REDUCED DATA 

The obligation to make reduced data from the experiment available to the 
scientific community in general was fulfilled In three major ways: contribu- 

tion of Inputs to the NOAA solar forecast center, publication of dally maps In 
Solar Geophysical Data, and submission of a specially-produced synoptic data 
set to the National Space Science Data Center. In addition, numerous special 
sets containing additional data related to specific times or events were 
prepared and mailed to investigators making requests. 

5.1 Contributions to *:he NOAA Solar Forecast Center 

The NOAA Space Environment Research Laboratory In Boulder, Colorado 
has the duty of monitoring aud reporting daily solar activity and of making 
forecasts of future activity for dissemination in near real-time. Their 
predictions are based on a combination of visual, magnetic, X-ray and radio 
observations. During the operational life of the Mapping X-Ray Heliometer 
experiment & preliminary dally quick-look histogram map (similar to Figure 3- 
3) was sent to the Forecast Center each morning by telecopier. These map) 
supplemented the full disk X-ray information available from NCAA's own SMS and 
GOES satellites by showing how the flux was distributed among the possible 
sources, a capability which greatly enhanced its predictive value. When quick 
look coverage was available, the MXRH data was also used to identify the 
locations of full-disk X-ray bursts whose locations could not be identified in 
the H-alpha patrols. Similar preliminary maps were also sent by telecopier to 
Columbia University and to the 0S0— 8 Pointed Instrument Control Center at the 
University of Colorado when requested for their mission planning. 

5.2 Publication of Dally Maps by the World Data Center 

At the end of each month, the quick-look folders for that month were 
assembled and a chractenstlc map prepared for each day. The approximate 
strength and location of each source is indicated and an additional notation 
is made if significant X-ray flaring was detected during the period of quick- 
look coverage. The resulting maps (Figure 5.2-1) werj submitted by mall to 
World Data Center A in Boulder, Colorado, which published them as a part of 
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AUGUST 7* 1975 (P* 12.92, 0,*6 I7, L,* 287.90) 


Map giving temperature 
(10 6 °K) and intensity 
category* 



Map giving intensity 
only. 


SEPTEMBER 26. 1978 (P«25.56, 0,«6.93, L,«28154) 



Figure 5.2-1: The two formats of dally map published in Solar' Ceophvsical 

Data (Prompt Reports). Maps of the upper kind were provided from 
August 1, 1975 through June 30, 1977. Maps of the lower kind were 
provided for July 1, 1977 through September 30, 1978 


the pictorial section of its periodical Solar Csophyslcal Data (Prompt 
Reports). Approximately 1125 Mapping X-Ray Halioaatar mapa ware published, 
aach appearing in an laaua dated two months after ita acquiaition. They cover 
the period August 1, 1975 through September 30, 1978. The director of the 
World-Data Center (Shapley, 1976) haa indicated that Solar-Ceophyalcal Data. 
which la the primary and moat timely publication of ita kind, haa a regular 
reauerahip in exceaa of 2500 persona, of whlc 60- 7 OX have responded in polls 
that they use the X-ray mapa* 

5.3 Archival Data tor the National b,jct Science Data Center 

A apecial archival aet of Mapping X-Ray Heliometer data was prepared 
for preeervatlon on microfiche in the National Space Science Data Center 
(Mosher, 1980: Bull. Amer. Aetron. Soc. 11. 710). The archival data aervea 
two functlona: it provides a definitive list of available solar data coverage 
times, and it presents in graphical form the probable Intensity variation of 
every potentially interesting source on each day of coverage. 

Figure 5.3-1 illustrates the format adopted for the tabulation of 
coverage times, and Figure 5.3-2 illustrates the graphical coverage for a 
typical day. The purpose of the graphical coverage is to indicate the 
disposition of the sources at one moment during the day (by means of a 
histogram map), to identify those sources in terms of the underlying McMath 
activity center numbers, and to display the probable intensity variation of 
each in the 1-8A intensity band at a resolution of 1 minute in time. Each 
light curve point is an upper limit on the possible level of X-ray emission 
emanating from the specified position. Depending on the level of activity, up 
to 14 different locations may be monitored on any one day (on the day 
illustrated in Figure 5.3-2, five potential sources were considered). The 
flux levels from the full disk and in the background directions are also 
indicated. The full disk values which we report have been found to- be in good 
agreement with the more extensive full-disk measurements provided by NOiA's 
SMS/GOES satellites (Donnelly et al ., 1977), and extend to somewhat lower flux 
levels than they can monitor. 

The complete Lockheed Mapping X-Ray Heliometer submission to the National 
Space Science Data Center consists of 19 microfiche pages of coverage time 
tabulations and 101 microfiche pages of reduced graphical data. In all, 
nearly 600 distinct regions were followed. 
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Figure 5.3-1; Sample printout of solar coverage times from the National 

Space Science Data Center submission. Each line represents a continuous 
data sequence with no gap exceeding on minute. 
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Figure 5.3-2 Sample "page’* of daily data plota from the National Space 
Science Data Center Submission (June 3, 1977). 
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5. A Miscellaneous Distributions of Data 

Appendix C gives e rough compilation of the special requests for 
specific data which were received and accomodated during the period of the 
current contract* Most of these were from astronomers desiring MXRH-type 
Information to supplement their own observations. Most often, either the 
spatial distribution of X-ray emission or the behavior of a specific source 
was required. In both cases, the Lockheed experiment was the only Instrument 
offering such a capability. A number of these requests led to collaborative 
investigations and publications (see Section 6, and Appendix A). 

Not Included In the present tabulation are the 11 rocket launches men- 
tioned in the Final Report to the Operations Phase (Wolf son, Acton, and Smith, 
1978) for which Lockheed provided real-time support in the choice of launch 
window and selection of targets. 

6. PRINCIPAL SCIENTIFIC RESULTS 

The scientific results of the Mapping X-Ray Heliometer data analysis 
program are best described in the various publications which are listed in 
Appendix A. Copies of twelve of the most important of these have been 
Included as Appendicies D through 0. The following is a brief summary of the 
conclusions reached therein. Also mentioned are a few as-yet unpublished 
results. Including the somewhat negative ones from the extra-solar 
observational program. 

6.1 Evolution of Young Active Regions 

By means of its normal observing mode involving frequent scans of 
the complete solar disk, the Mapping X-Ray Heliometer provided a rather unique 
opportunity for being able to go backwards in time, to trace the history of 
each X-ray emission source back to its earliest stages. As a result, a 
considerable effort has been and continues to be directed towards the study of 
this aspect of the data set. Preliminary conclusions based on the exhaustive 
study of one particularly well observed example have been reported in Wolfson, 
Acton, Lelbacher and Roethig (1977, Appendix E). Perhaps the most surprlslnng 
conclusion of that study was the discovery of the burstlness of the early X- 
ray emission, which was observed within three hours of the first indication of 
emerging magnetic flux. Such X-ray burstlness has subsequently also been 
observed at the birth of numerous other regions, which, on the average, appear 
to be more "flare"-rich (relative to their strength) in their earliest stages 
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Figure 6.1*1: Light curves demonstrating the difference in flare activity 

between young (McM 14614) and mature (McM 14615/14621) regions with 
similar levels of non-flare emission. 





than la their later history (see Figure 6.1-1). This strongly suggests that 
the magnetic configuration of a mature region Is not required for the basic 
flare mechanism, although the Increased energy available In that case may 
permit the events to asume a greater Intensity. Another somewhat surprising 
result of this study was the detection, at least In this one case, of a 
relatively stable non-flare plasma having a temperature of about 
3.5 x 10* °K. This component of the early X-ray emission was seen to grow In 
intensity through a slow and relatively steady Increase In emission measure 
(l.e., quantity of emitting material), ratner than through a change in 
temperature. The sudden Intensity spikes of the flares, on the other hand, 
were seen as being due to temperature fluctations at a relatively constant 
emission measure. 

The collaborative study of Avery, Feldman, Galzauskas, Roy, and tfolfson 
(1977), in which H-alpha, microwave, and X-ray observations were combined, 
likewise pointed to the Importance of fluctuations in newly emerged regions. 
The particular event studied in that case is the smallest with which all three 
emissions are known to have been associated. The limited spatial resolving 
power of the Mapping X-Ray Heliometer was essential in determining the portion 
of the disk from which the X-ray emission originated* 

6.2 Preflare Phenomena 

The comprehensive coverage provided by the Mapping X-Ray Heliometer 
likewise permits flaring regions to be studied before the event. Two 
important publications were generated in this regard. 

The first, that of Wolfson, Acton and Lelbacher (1978, Bull. Amer. 

Astron. Soc. 10. 156), dealt with the possibility of systematic intensity or 
spectral changes in the immediate preflare period (10-20 minutes). This study 
concluded that when a single region was isolated, no systematic variation in 
either temperature or intensity could be detected in the preflare period, and 
suggested that earlier suggestions of such an effect, based on full disk data, 
may have been due to confusion with the signals from other regions (see Figure 
6 . 2 - 1 ). 

The second study, that of Mosher and Acton (1980, Appendix 0), looked in 
greater detail at the association between X-ray emission and filament activity 
in the preflare period, but again found nothing of predictive value, at least 
for the normal small flares in young active regions. In the case of the 
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Figure 6.2-1: Three sample light curves from the pre-flare study. 
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dlsparltlon brusque (sudden disappearing filament) type events In decayed 
regions, the filament eruption was confirmed, as had previously been observed 
on Sky lab , to precede the rise of X-ray emission, which Is essentially 
simultaneous with the H-alpha emission* 

6.3 Fostflare Relaxation 

Flares themselves can be reasonably well studied on the basis of 
full disk measurements, since at their peaks they generally strongly dominate 
the X-ray emission from the whole sun. An Important effect which appears to 
have been generally overlooked In the full-disk measurements is the apparent 
temporary supression of flare activity in the period Immediately following a 
major event* Uolfson, Acton, Roethlg and Ualt (1978, Appendix H) Interpret 
this as being due to a general buildup and relaxation of the stressed flare 
configuration over a time scale of about one day. 

6.4 Flare Geometries 

Relatively little effort has been directed towards looking for 
evidence of geometric changes in association with flares, as this aspect of 
the problem can be better studied by photographic instruments, such as those 
on Skylab. Ue do, however, rather commonly detect slight rising motions, on 
the order of one arc minute, in the decay phase of major events (see Figure 
6.8-1). Such motions are consistent with the photographic results (see, for 
example, Pallavicini et al . , 1977). Ue also see no direct evidence for a 
significant spatial extent to the emission source at the wavelengths we 
monitor, but this is again consistent with the photographic results 
considering our large instrumental, width (see also Sec. 6.10). 

6.5 Sympathetic Flares 

The Mapping X-Ray Heliometer data set is a very reasonable one to 
Investigate for the often-suggested possibility of "sympathetic” flares, that 
is, situations in which activity in one solar active region triggers activity 
In a different one. The preliminary studies of Uolfson (unpublished) suggest 
that "sympathetic" flares are not abnormally common in the 0S0-8 data, and 
therefore not real, but the formulation and application oi rigorous 
statistical tests is surprisingly difficult. 
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) 6*6 Spectral Observation 

t ’ Considerable use has been made of tha spectral Information provided 

by the Mapping X-Ray Heliometer's proportional counter detectors, although, as 
\ previously noted. It has been possible to study only a very small portion of 

it in detail* The three most important publications dealing specifically with 
conclusions based on the spectral data are probably those of Datlowe (1977, 
i Appendix G); Uolfson, Acton, and Datlowe (1978, Appendix K); and the 

collaborative article by Parkinson et al. (1979, Appendix L). 

It had long been known that small flares tend to exhibit relatively low 
temperatures. Datlowe (1977) showed, however, that If the preflare emission 
is subtracted, the added portion which lights up during the flare is always 
found to have a high temperature, even if the event is very small. A 
threshold of about 10 million degrees Kelvin was found, and Is thought to be 
characteristic of the Instability giving rise to the flare. 

Uolfson, Acton, and Datlowe (1978) addressed the assertion that the 
emission measure (l.e., the quantity of X-ray emitting material) decreases at 
the start of flares, and showed this to also be an artifact arising from 
trying to treat as a single mass the larger preflare region and the smaller 
Injection of very hot flaring material (which dominates the response of the 
detectors). If the preflare portion Is subtracted, the emission measure of 
the flare component by Itself Is always found to Increase steeply from its 
first detectability. 

The collaborative article by Parkinson et al . (1979) uses data from both 
the Mapping X-Ray Heliometer and the Columbia University Spectrometer to 
establish the origin of the 1»9& feature In the flare spectrum. The MXRH 
observations permitted that feature to be followed farther Into the post-flare 
period (and therefore to lower Intensities) than was possible with the 

Columbia experiment. This assisted In the identification of the feature as j 

being due to dlelectronlc recombination of Ions In the range Fe XIX - Fe XXII. j 

4 

Additional conclusions related to spectral observations from the Mapping 1 

X-Ray Heliometer were presented by Mosher at the Third Skylab Workshop Series I 

on Energy Balance and Physical Conditions in Active Regions (Orrall, 1980). 

The temperatures of young active regions were found to provide no reliable 
indication of their future growth. In addition, the temperature 
( characteristic of growing regions previously reported by Uolfson et al. (Sec. 
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^ ' 6*1) ms found Co depend quite e bit on the choice of detector end energy 

bend* Also discussed was the apparent discrepancy between flare teaperatures 
Indicated by the Large and Thin Window detectors — the ones sensitive to 
harder X-rays tending to show much higher teaperatures and greater intensity 
variations* It was shown that this Implies that the fluctuating component in 
the flare must be even smaller and hotter than had previously been suspected* 

6.7 Statistical Properties of Active Region X-Ray Emission 

The articles of Mosher (1980, Appendix M; and 1980, Appendix N) deal 
in effect with statistical conclusions based on the average behavior of a 
large number of regions — a kind of study for which the extensive Mapping 
X-Ray Hellometer data files are particularly well suited. 

The first of these relates the average level of non-flare X-ray emission 
to the size of the underlying photospheric region as observed in white 
light. Both the number and area of the sunspots are found to be of about 
equal Importance. The X-ray flux is most predictable If the product of area 
times count is used as the size parameter 

The second Interprets the average fall-off of X-ray intensity as a region 
passes behind the limb, which is related to the height structure of the 
source. The soft X-ray Intensity is shown to Increase exponentially down to 
the lowest observable layers, In contradiction of som» earlier beliefs. The 
median height was found to be 20,000 km. A slight temperature gradient was 
also discovered, with the lower layers appearing hotter than the higher ones. 

6.8 CRF's and Active Filaments 

A considerable amount of effort was directed towards the 
investigation of gradual rise and fall (CRF) and eruptive filament events, 
only a portion of which has been published (Acton and Mosher, 1978; Appendix 
I) since It largely duplicates studies done by Sky lab (Webb, et al. 1976). 
Figure 6.8-1 Is a typical Mapping X-Ray Hellometer observation of a filament 
eruption associated limb flare (Mosher and Wolfson, 1978: Bui. Amer. Astron. 

Soc. 10. 460). The centroid of the X-ray emission Is seen to move slightly 
outward at about 2 km/sec. In Figure 6.8-2, this motion Is shown relative to 
the position of the earlier prominence eruption. The temperatures of such 
events are found to be relatively low (Figure 6.8-3). Finally, Figure 6.8-4 
shows a model of the eruption and reformation of filaments with X-ray emission 
suggested by the work. 
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6.9 Dltravloitt Plashes 

The results of a collaborative study with ths Urfverslty of 
Colorado, involving tha comparison of HXRH measurements with simultaneous 
measurements of translont brlghtonlngs in tha ultravlolat ara daserlhad In tha 
final raport to Task II (Brunar, a 980). Tha work Is publishad In Litas, 

Bruner and Wolf son (1980)* 

6.10 Eclipses 

Partial adlpsas of tha sun wars observed froa OSO-8 in April end 
October of both 1976 and 1977. Tha variation of Intensity with riaa a « a 
source Is covered by tha lunar limb can, under favorable circumstances, permit 
Its geometry to be studied with higher spatial resolution than is possible 
with tha detectors alone. Tha bast example was on October 12, 1977, In which 
case a slsa of about 2 arc-minutes, which is consistent with photographic 
results, was deduced (Wolfson, unpublished). The eclipses also provided 
evidence that the Thin Window A detector (which responds to the softest 
energies) sees a general haze of X-ray emission covering the disk (possibly 
from unresolved regions). The other detectors do not see this haze (Mosher, 
unpublished) . 

6.11 Radio Bursts 

Several radio astronomers expressed Interest In the Mapping X-Ray 
Heliometer obeervatlons and their relation to radio burst and Interferometric 
observations. In addition to the collaborative study already mentioned In 
Section 6.1, that of Stewart, Wolfson, and Leman (1978) is also notable. In 
It, the Mapping X-Ray Hallomater observations were used primarily to establish 
the relatively stationary character of the X-ray source associated with a 
moving Type IV burst. The X-ray source was found to be ina^r juste to sustain 
the radio emission. Marsh, Zirln, and Hurford (1979) similarly used 
temperatures and emission measures obtained by the MXRH to interpret the 
mechanism of radio burst emission In three flares. Finally, Benz, Jaeggl, 

Mosher and Nelson (1980) found a negative result, that Is, they were unable to 
determine a definite relationship between the timing of Type I radio bursts 
and the behavior of the associated soft X-ray source. 

i 

i 

(. . 
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6.12 Observations of Extra-Solar Sources 

During nearly one-third of its operational life (i.e., for 
approximately 30 minutes out of every 90 minute orbit) the OSO-8 spacecraft 
was un -Me to observe the sun due to its occulation by the earth. During each 
of the»e periods (except during the last months of the experiment when the 
MXRH was turned off at night to conserve power) the Mapping X-Ray Heliometer 
was commanded to record and transmit data gathered in the general direction of 
an extra-solar source of Interest and within range of the wheel plane. The 
MXRH is not wel! -suited for the observation of these extra-solar sources, 
which have much ' -r<*er spectra than the solar active regions, and, not 
surprisingly, very litde use has been made of them. Figure 6.12-1 is a 
typical map of Sco X-l, the strongest of the extra-solar sources; while Figure 
6.12-2 shows the weaker but steadier Crab Nebula. By adding together the 
results from scans obtained on many night-time passes, it is possible to 
considerably Improve the statistics of the Crab Nebula peak, and the 
underlying spectrum was used to verify and adjust the calibration of the 
instrument. Figure 6.12-3 summarizes the results of a brief effort to observe 
X-rays from Jupiter in November, 1976. Experimenters on 0S0-3 had similarly 
been unable to detect emission from that potentially interesting source 
(Peterson et al. , 1976). 

7. NEW TECHNOLOGY 

Due to the nature of the work no new technology was developed during the 
course of this effort. 
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Appendix A 


PUBLICATIONS AND PRESENTATIONS OF THE 
LOCKHEED OSO-8 DATA ANALYSIS PROGRAM 
(Chronological Order) 


I • Major Publications of Scientific Results from the MXRH Program 

Smith, K.L., Acton, L.W., Mosher, J.M., and Wolfson, C.J. (July, 1975 - 
September, 1978): "Daily Solar X-Ray Maps," Solar-Geophysical Data Prompt 
Reports. 

Wolfson, C.J., Acton, L.W. , Roethig, D.T., and Smith, K.L. (1977): "2- 

30 keV X-Ray Data from OSO-8," in Collected Data Reports for STIP Interval II , 
(UAG Report 61, Coffey and McKinnon, eds.), 187. 

Wolfson, C.J., Acton, L.W., Leibacher, J.W. and Roethig, D.T. (1977): 
"Early Evolution of an X-Ray Emitting Solar Active Region," Solar Physics , 

55, 181. 


Wolfson, C.J., Acton, L.W., Roethig, D.T. and Walt, M. (1978): 
"Evolution of the X-Ray Emitting Corona Preceding and After Major Solar 
Events," in Shea, Smart, and Wu, eds., Contributed Papers to the Study of 
Travelling Interp lane try Phenomena/ 1977 . (Proceedings of COSPAR Symposium B, 
AFGL-TR-77-0307), 295. 


Acton, L.W. and Mosher, J.M. (1978): "X-Ray Emission Associated with 
Filament Activity," in Physics of Solar Prominences (I.A.U. Colloquium #44, 
Jensen, Maltby and Orrall, eds.), 2b9. 


Wolfson, C.J., Acton, L.W. and Datlowe, D.W. (1978): "Does the Emission 
Measure Decrease During the Start of a Soft X-Ray Flare?," Solar Physics , 59 , 
373. 
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Mosher, J.M. (1979): “The Height Structure of Solar Active Regions at 

X-Ray Wavelengths as Deduced from 0S0-8 Limb Crossing Observations,” Solar 
Physics , 64 , 109. 

Mosher, J.M. (1980): “Predictions of Solar X-Ray Fluxes Based on 

Sunspot Structure,’* in Solar-Terrestrial Predictions Proceedings, Vol> III: 
Solar Activity Predictions , R.F. Donnelly, ed., (U.S. Dept, of Commerce - 
NOAA) , C159. 


Mosher, J.M. and Acton, L.W. (1980): “X-Rays, Filament Activity, and 

Flare Prediction,” Solar Physics , 66 , 105. 


II . Additional Publications Incorporating Results from the MXRH Program 

(Partial Listing) 

Avery, L.W., Feldman, P.A., Gaizauskas, V., Roy, J.R., and Wolfson, C.J. 
(1977): “A Search for Microwave Emission from Solar X-Ray Bright Point 

Flares,” Astron. and Astrohyslcs , 5b , 327. 

Lites, B.W. and Hansen, E.R. (1977): “Ultraviolet Brightenings in 

Active Regions as Observed from 0S0-8,” Solar Physics , 55 , 347. 

Shea, M.A., Smart, D.F., and Coffey, H.E. (1977): “A Summary of 
Significant Solar-Initiated Events During STIP Intervals I and II,” in Shea, 
Smart, and Wu, eds., Study of Travelling Interplanetary Phenonena/1977 , 393. 

Marsh, K.A., Zirin, H., and Hurford, G.J. (1979): ‘ VLA Observations of 

Solar Flares, Interpreted with Optical, X-Ray and Other Microwave Data,” 
Astrophvs. J. , 228 , 610. 

Parkinson, J.H., Veck, N.J., Ashfield, M.E.C., Culhane, J.L., Ku, W.H.- 
M., Lemen, J.R., Novick. R., Acton, L.W., and Wolfson, C.J. (1979): An 

Investigation of the L.9& Feature in Solar Flare X-Ray Spectra,” 

Astrophvs. J. , 231 , 551. 
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Lites, B.W., Bruner, E.C* Jr., and Wolfson, C.J. (1980): "0S0-8 

Observations of the Impulsive Phase of Solar Flares in the Transition Zone and 
Corona," Solar Physics , (in press). 

Ill# Brief Presentations and Reports 

Wolfson, C.J., "Recent Observations from the Lockheed X-Ray Experiment 
on OSO-8," presented at the Southern California Solar Neighborhood Meeting, 

16 January 1976. No published abstract. 

Wolfson, C.J., Acton, L.W., Newkirk, L.L., Roethig, D.T., and Smith, 
K.L., "X-Ray Bursts from a Young Active Region (McMath 13811) During August 
19-22, 1975," presented at the U.S. -Japan Cooperative Seminar on High Energy 
Phenomena in Solar Flares, 10-13 May 1976. Extended Abstract published in 
Seminar Proceedings. 

Avery, L. , Feldman, P.A., Gaizauskas, V., Roy, J.-R., and Wolfson, C.J., 
"Search for Solar X-Ray Bright Points at Radio, Optical and X-Ray 
Wavelengths," presented at the Canadian Association of Astronomy, meeting, 

16 June 1976. Abstract and paper published. 

Wolfson, C.J., Acton, L.W., Newkirk, L.L., Roethig, D.T., and Smith, 
K.L., "The Early Evolution of X-Ray Producing Active Regions," presented at 
the American Astronomical Society Meeting, 22-25 June 197b* Abstract: Bull. 

Am. Astron. Soc. , 8 , 317. 

Catura, R.C., Acton, L.W. and Wolfson, C.J., "Highlights of the First 
Year of Operation of the Lockheed 0S0-8 Instrument," presented at the IAU 
Sixteenth General Assembly, 31 August 1976. No published abstract. 

Datlowe, D.W., Participant in the Second Sky lab Solar Workshop ("Solar 
Flare"), 1976, 1977. Contributions incorporated in the proceedings. 

Ishiguro, M., "0S0-8 Mapping X-Ray Heliometer Image Forming," presented 
at the Symposium on Image Forming and Intensity Measurements, Spring, 1977. 
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Datlowe, D.W., "OSO-8 Solar X-Ray Bursts** presented at the Southern 
California Solar Neighborhood Meeting, 15 April, 1977. 

Datlowe, D.W., "OSO-8 Solar X-Ray Burst Observations,** presented at the 
American Astronomical Society Meeting, 12-15 June, 1977. Abstract: Bull. Am. 

Astron. Soc. , 9j 298. 

Wolfson, C.J., Acton, L.W., and Roethig, D.T., "Evolution of the X-Ray 
Emitting Corona Preceding and After Major Solar Events," presented at the L.D. 
DeFeiter Memorial Symposium on Study of Travelling Interplanetary Phenomena 
(part of XX th COSPAR Meeting), 7-11 June, 1977. Abstract and paper 
published. 

Mosher, J.M., "The Height Structure of X-Ray Active Regions from OSO-8 
Limb Crossing Observations," presented at the Southern California Solar 
Neighborhood Meeting, 18 July 1977. 

Datlowe, D.W., "Does the Instability which Produces the Soft X-Ray Flare 
Plasma Require a Minimum Temperature?," presented at the Southern California 
Solar Neighborhood Meeting, October 1977. 

Bruner, E.C., Jr., Lites, B.W. and Datlowe, D.W., "Mass Motions in 
Impulsive Flare-Like Brightenings as Observed by OSO-8," presented at the 
OSO-8 Workshop, 7-10 November 197. Paper published in Proceedings, pp* 218- 
243. 


Datltwe, D.W., "OSO-8 Observations of the Soft X-Ray Continuum in Solar 
Flares", presented at the OSO-8 Workshop, 7-10 November 1977. Summary 
published in Proceedings, pp. 277-278. 

Mosher, J.M., "The Height of the X-Ray Emitting Plasma," presented at 
the OSO-8 Workshop, 7-10 November 1977. Faper published in Proceedings, 
pp. 123-133. 

Mosher, J.M. and Wolfson, C.J., "Observations of a Moving X-Ray Source 
Associated with an Eruptive Prominence at the Limb," presented at the American 
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Astronomical Society Meeting, 26-28 June 1978. Abstract: Bull. Amer. Aatron. 

Soc.. 10. 460. 

Uolfson, C.J., Acton, L.W., and Lelbacher,, J.W., "Soft X-Ray 
Observations During the Freflare Phase of the Solar Flare Phenomenon,” 
presented at the American Astronomical Society Meeting, 26-28 June 1978. 
Abstract: Bull. Amer. Astron. Soc.. 10. 456. 

Mosher, J.M., Participant in the Third Skylab Solar Workshop (”Energy 
Balance and Physical Conditions in Active Regions”), 1978, 1979. 

Contributions incorporated in the proceedings. 

Acton, L.W., and Mosher, J.M., “X-Ray Emission Associated with Filament 
Activity," presented at IAU Colloquium #44, 14-18 August 1978. Presentation 
published in Proceedings. 

Stewart, R.T., Wolf son, C.J., and Lemen, J.R. , "Evidence from X-Ray and 
Radio Observations for Electron Acceleration in the Source Region of a Moving 
Type IV Solar Radio Burst,” presented at the IAU Asian-South Pacific Regional 
Meeting 5-8 December 1978. Extended abstract published in the proceedings. 

Mosher, J.M., Acton, L.W., Wolfson, C.J., "Reduced Solar X-Ray Data from 
OSO-8,” presented at the American Astronomical Society Meeting, 13-18 January 
1980. Abstract: Bull. Amer. Astron. Soc. , 11 , 710. 

Benz, A.O., Jaeggi, M., Mosher, J., and Nelson, G.J., "On the Spatial 
and Temporal Correlation of Type I Bursts with Soft X-Rays," presented at the 
Workshop on Radio Noise Storms, March, 1980. Paper published in the 
proceedings . 
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Appendix B 


l 

ADDITIONAL COLLABORATORS IN THE DATA ANALYSIS PROGRAM 


In addition to the persons given as authors of the present report, the 
following made important contributions to the program of analysis of Mapping 
X-Ray Heliometer data for which this is partial acknowledgement: 

Consultants 

J.L. Culhane 
J.W. Leibaher 

L. L. Newkirk 

Student Assistants* 

C* Bednar 
G. Bruner 

M. Damron 
P. Damron 
T. Farrand 
R. Jong 

N. Lin 


* (Affiliated with the Exploratory Experiences Program of the Palo Alto 
Unified School District, Palo Alto, California), 
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Appendix C 




TABULATION OF REQUESTS FOR LOCKHEED X-RAY DATA 

The following is a partial listing of requests for specialized Happing 
X-Ray Helloaeter Data sets which were received and honored during the contract 
period* It gives the name and affiliation of the person making the request 
and specific area of his or her investigation: 


G* Artzner and A. Jouchoux (Laboratoire de Physique Stellalre et Planetaire, 
Paris): Ultraviolet observations of flares. 

M»E«C* Ashfleld (Mullard Space Science Lab, University College, London): 
Comparison of MXRH and Columbia X-Ray Data from OSO-8, resulting in a 
collaborative publication (Appendix L). 

L.W. Avery, J.R. Roy, and P.A. Feldman (Herzberg Institute, National Research 
Council of Canada): Search for microwave and X-ray emission from bright 

point flares, resulting in a collaborative publication (Appendix F). 

A.O* Benz (Radio Astronomy Group, ETH, Zurich): Type I radio bursts, leading 

to a collaborative publication in progress. 

R.C. Canfield (Sacramento Peak Observatory, University of California at San 
Diego): Bright point flares. 

I. J.D. Craig and A.N. McCiymont (University of Glasgow): Testing of dynamic, 

multlthermal flare models* 

J. P. Delaboudlniere (Laboratoire de Physique Stellalre et Planetaire, 

Paris): Support data for ultraviolet observations made by the D2B 

satellite. 

J.E. Evans (Lockheed): Spectrum of ionizing radiation incident on the earth's 

atmosphere during solar flares. 

V. Galzauskas (Herzberg Institute, National Research Council of Canada): 
Oscillating microwave sources. 

D. Gurnett (University of Iowa): Stereoscopic radio measurements. 

E. R. Hansen and B.W. Lites (Laboratory for Atmospheric and Space Physics, 

University of Colorado): Sudden ultraviolet brightenings. A 

collaborative article is given in the Final Report for Task II. 

E. Hiei (Tokoyo Astronomical Observatory): Limb flares. 

G. Hurford, K. Marsh, and H. Zirin (Hale Observatories, Owens Valley Radio 

Observatory, Caltech): Support of VLA radio interferometric observations 

and interpretation of 10 GHz bursts. Results published. 
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M« Ishiguro (Toy oka wa Radio Observatory, Research Institute for Atmospherics, 
Nagoya, Japan): Image formation and deconvolution* 

S*R« Kane (University of California, Berkeley): Correlations with hard X-ray 

burst observations* 

P* Kaufman (CRAAM, Brazil): Statistical comparison of radio and X-ray time 

sequences* 

A*S* Krieger (American Science and Engineering): Support of rocket solar 

X-ray data with MXRH light curves* 

W.H.-M. Ku (Columbia University): Support data for Columbia X-Ray 

Spectrometer observations 

B.J. LaBonte (Big Bear Solar Observatory, Caltech): Search for ephemeral 

regions in X-rays. 

P*S* McIntosh (NOAA Space Environment Research Lab, Boulder): Slow X-ray 

events, disappearing filaments, and flare prediction. 

J.H. Parkinson (Columbia University & Mullard Space Science Lab): Temperature 

and emission measure changes during flares. 

E. Schmal (University of Maryland): VLA microwave observations* 

P.R. Sengupta (Pennsylvania State University): Models of Oxygen V in the 

earth's atmosphere. 

D.S. Spicer (Naval Research Lab, Washington): Flare spectra. 

R.T. Stewart (Division of Radio Physics, CSIRO, Australia): Moving Type IV 

radio bursts, leading to a collaborative publication in progress. 

R.G. Teske (University of Michigan): Early evolution of active regions. 

J.C. Vial (Laboratoire de Physique Stellaire et Planetaire, Paris): 

Ultraviolet observations of eruptive prominences. 

M. Weisskopf and K. Long (Marshall Space Flight Center and Columbia 
University): Support of extra-solar X-ray observations. 

H. Wiehl (University of Berne): Radio flare observations. 
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2*30 keV X-Ray Data From OSO-8 
by 


C. 0. Wolfson, L. W. Acton, 0. T. Roethlg, and K. I* S-nl tn 
Lockheed Palo Alto Research laboratory 
Palo Alto* California 94304 U.S.A* 


Introduction 

This report presents key examples of data obtained during the STIP Interval II from the Lockheed Map- 
ping X-ray Heliometer (MXRH ) Instrument on the NASA Orbiting Solar Observatory-8 (OSO-8) satellite* The 
MXRH responds to solar X-rays In the 1*5-30 keV energy range and has a spatial resolution of about 2 min 
of arc. Investigators are Invited to contact the Lockheed group for additional MXRH data for this or other 
periods. The MXRH became operational 24 June 1975. Dally Daily MXRH maps of the sun have been published 
In $olar-G*ophyBieal Data • Prompt since August 1975* 

Instrument Description 

The MXRH looks radially outward from the rotating wheel of the OSO-8 satellite* It contains three 
detection systems* each collimated In one dimension with Oda-type mechanical collimators [Bradt #t a!., 

1968; Oda, 1965]* The collimators have a FWHM of 2*0 arc min, although other Instrumental effects broaden 
the Instrument response function to about 4 arc min under some conditions* Each field cf view Is tilted 
120° from the others. These systems are called Vertical, Slant A, and Slant B, with the Vertical system 
field of view parallel to the satellite spin axis* As the wheel rotation sweeps these fields of view past 
the sun, one obtains three one-dimensional distributions which can be unfolded to locate and isolate emit- 
ting X-ray regions. Each spatial distribution consists of 31 successive strips, or Area Segments, paral- 
lel with \ system's field of view. Examples of these distributions are shown in Figures 3, 5 and 8. The 
wheel rotates at approximately 6 revolutions per min and, under normal operation, 4 revolutions are re- 
quired to form a complete set of three distributions . 

The Instrument Includes di' f erent types of proportional counter detectors which combine to provide 
spectral information from app. oximately 1*5 to 3C keV* The lower value is established by the thinnest 
8e window (75u<n) and the practical upper value is determined by the solar spectrum - a limit often much 
lower than 30 keV* Spectral information is obtained by analyzing the proportional counter signals with 
15-channel pulse height analyzers* 

Medium sensitivity detectors (called Large Detectors) are situated behind each of the three collimated 
systems along with detectors of other sens i tf vl ties: a more sensitive detector is Thin Window Detector-8 

(TWC-8) in the Slant B system, the most sensitive detector is TWD-A, and the least sensitive detector 
is Vertical Small. Switching between pairs of these detectors provides a dynamic range of >10*. For 
example, in Figure 4 there Is an automatic switch from Vertical Large to Vertical Small Detector on the 
rise of the X-ray burst near 2245 UT and a switch back on the decay. Since the Vertical Small Detector 
has less detection area and a different spectral response than Vertical Large, both the amplitude (by a 
factor of from 4-12) and profile of the light curve change when the detectors switch. 

Effective areas as a function of energy for three of the detectors are shown in Figure 1, The ob- 
servation tine for a point source is about 0.02 s per solar scan because tne data are integrated over 27 
of the collimator fan beams. Details of tne instrument, its subsystems, and its operational modes are 
given in the Technical Manual for the Mapping X-ray Heliometcr instrument on OSO-8 [Wolf son, Acton, and 
Silbreth, 1975]. 

General Observation s 

The active region selected by the M0NSEL Steering Committee for study under STIP Interval I! was 
observed by the MXRH instrument *or four solar rotations. X-rays from, this region were first detected 
early cm 6 March at approximately -05 W40, and the recicn continued to emit detectable X-^ays until it 
was significantly behind the west limb on 11 March* The plage was named McMath 141 IS during this fetation* 

For both rotations 2 and 3, which occurred during the specified STIP interval, the region (first 
designated McMath K143 and then 1417?) was continuously emitting relatively intense X-radiaticn. Specific 
observations during these two rotations will be presented in the next section* Rotation 4 (Mc v ath 14cl5) 
began in X-rays cn 17 May with the last significant X-ray flux observed cn 23 May when the region was 
near disk center. Calcium plage was reported until the region rotated o*ar the west limb* There was no 
rotation 5 in X-rays cr calcium plage. 


It ; s 1 
II, Instead 
period: wren 
te happy to 


•".practical to present all of tne MXRH cata for the two disk 
, a synopsis of the available data is presentee in Mgure 1 
the satellite was oemro the earth or in the Couth Atlantic 
provide cata on particular periods to anyone requesting it* 


transits included in DTI? Interval 
(tne gats principally result from 
Anomaly r id 1 a t i or belt)* We will 
Data near the events specifically 
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listed In MONSEE Bulletin No. 8 are discussed In the following section and are representative of the MXRH 
data* 



Fig. 1. Calculated effective areas 
of MXRH detection systems 
as a function of energy for 
normally incident photons* 

HOURS UT 


0 2 4 6 8 10 12 14 16 18 20 22 24 



Fig. 2. A chart indicating the times of MXRH X-ray data during the intervals 
20 May - 9 April and 18 April - 5 May 1976 when McMath Regions 14143 
and 14179 were ooservable. 
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Specific Observations 
A. 20 March 


Type II radio bursts at the east limb were reported by Culgoora at 0205 and 2257 UT, A possible 
source was 1 McMath 14143 which was approximately 54-43° behind the east limb. Figure 3 shows the X-ray sun 
for both of these times and shows no X-ray emission at the east limb for either time. A modest X-ray 
emitting region (McMath 14127) is located at approximately NG7 W15 

To observe the temporal behavior of a particular region, a spatial Area Segment from a system In 
which the emitting X-ray region Is not confused by other regions Is selected and the count rate versus 
time Is plotted. Light curves such as these for rtcHath 14127 during the two periods of Interest are shown 
In Figure 4 where the 18th Area Segment of the vertical system Is used. During these t<me periods, McMath 
14127 was undergoing moderate activity which to a full disk monitor might be mistakenly associated with 
the east limb radio events. However, during these intervals, no east limb activity was observed In excess 
of the background rate of 15-120 counts/s. 




Fig. 3. The X-ray sun for the times when Type II radio bursts 
were observed at the east limb. Data are collected and 
displayed in terms of the 32 numbered Area Segments. 

1.3 arc min in width. Each histogram is normalized to 
the peak intensity for that detection system. The 
arrows converge on the position of McMath 14127. 
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Fig. 4. Light curves of the X-ray emission from McMath 14127. The arrows 
at 0205 and 2257 UT mark the observations of the Type II radio 
events at the east limb. Automatic switch Miq between the Vertical 
Larne Detector and the less sensitive Smaii Detector occurs at 
2241 and 224 6 UT. 
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8* 23 March 


The MONSEE Cormittee selected the period front 0840 to 1900 UT based on reported full disk X-ray 
enhancement, Ha *oop$ at the east limb (1100 UT), and a Type IV radio burst at 0842 UT. McMath 14143, 
slightly behind tne east limb, was judged the probable source. Although McMath 14127 continued to domin- 
ate the X-ray disk on the 22nd, significant X-ray emission from the east limb was observed by the MXRH 
Instruemnt by mid-day; the map In Figure 5 Is typical. A strong east limb X-ray burst occurred between 
0404 and 0450 UT on the 23rd (a period missed due to orbit night and the South Atlantic Anomaly), making 
McMath 14143 the major source by 0450 UT. A spacecraft malfunction caused loss of data between 0601 and 
0927 UT. By the time the malfunction was corrected, the region was In the decay phase of a larqe burst 
which peaked at about 0850 UT In the 60ES-1 X-ray data. Figure 6 shows more than 10 hours of this smooth 
decay* Source characteristics determined by fitting the observed pulse height spectrum at 0950 UT to 
that expected from an isothermal plasma as described by Tucker and Koren [1971] were temperature • 

10 x 10* K and emission measure • 2 x 1G* 1 * cm* 3 . This implies a 1 - 8 a flux of 0.02 ergs/cnrs and a 
0.5 - 4A flux of 0.002 ergs/cnrs. 

McMath 14127 was easily observable throughout this decay period but, although three optical flares 
were observed. It was never the dominant source. Its maximum contribution was at 1647 UT when it emitted 
25* of the full disk X-ray flux. By 2115 UT* McMath 14127 and McMath 14143 hau approximately equal in- 
tensities. 



Fig. 5. The typical X-ray sun during the lat- 
ter part of 22 March. Although McMath 
14143 is about 20 degrees behind the 
east limb, the X-ray emitting plasma 
is high enough to produce a signifi- 
cant unocculted flux. The arrows 
indicate the position of this emission. 
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gap {0600 - 0930 UT) is a result of a spacecraft malfunction. 

C. 28 March. 

Many Ha flares and radio bursts were reported from McMath 14143 between 1840 and 2400 UT* McMath 

14127 had by then rotated behind the limb and was undetectable in X-rays while McMath 14146, McMath 14147, 

and McMath 14143 were on the disk and emitting detectable signals. McMath 14143 was dominant throughout 
this period. The intensity prior to the large event around 1840 UT was gradually decreasing with many 
superimposed enhancements (Figure 7). Several of these enhancements appear to be the sum of two or more 
bursts. For example, the event at 1840 UT seems to be the sum of a burst having a fast rise and a fast 

decay with a burst having a slow rise and a slow decay. 
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Fig. 7. 


0. 31 March 

V From 073C to 1100 UT on 31 March, both McMath 14146 (on the west limb) and McMath 14143 (near disk 

center) were fairly stable and emitted nearly equal X-ray fluxes of about 500 counts/s In the Vertical 
Large Detector. The typical X-ray map for tnis period Is shown in Figure 8. By the time the satellite 
came out of orbit eclipse at 1146 UT, McMath 14143 was more than 20 times as strong as McMath 14146 and 
continued to dominate the emission at least throughout the next day. Figure 9 shows the event which 
peaked around 1213 UT and then decayed for the next several hours. It should be noted that there was 
some additional enhancement during the orbit eclipse from 1240 to 1322 UT. 



center. 



Fig. 9. The X-ray light curve for McMath 14143 on 31 March 1976. The peak emission 
was at approximately 1213 UT. 


E. 3 0 April 

As noted above, the region or* interest, now on its third rotation, was redesignated McMath 14179. 

On 30 April many Hi, X-ray, and radio events were reported along with a ground level solar cosmic ray 
event. Although McMath 14135 ( - N03 1 16 ) was producing a detectable flux, McMath 14179 ( - SOS #32} com- 
pletely dominated the solar X-ray emission throughout this period. Figure 10 displays more than a 24-hour 
period for this region. The proton producing event appears to have maximized seme tine prior to the start 
of orbit day at 2121 UT. Plasma parameters which result from interpreting the data at 2122 UT as the 
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emission from an isothermal plasma are temperature * 15 x 
1 - 8A flux * 2 x i(T 2 ergs/cm 2 s, and 0.5 - 4A flux * 4 x 


10* K* emission measure * 2 x 10 1 ** cm* 1 , 
1Q M ergs/cn^s. 



Fig. 10. The X-ray light curve for McMath 14179. The provisional time of the first 
6-10 MeV proton detection is shown by the arrow at 2130 UT. 


One immediately notes the large contrast in variability before and after this event. The visible 
impact is of course biased because the pre-event baseline is lower than the post-event baseline. How- 
ever, examination of the counting rates establishes that bursts like tnese occurring during the 14 hours 
before the proton event would have registered well above the smooth post-event baseline after 0400 UT on 
1 V 

Summary 

We have presented six examples of the solar X-ray emission during STIP Interval II as observed with 
the Lockheed Mapping X-ray Heliometer instrument on the OSO-S satellite. These data are representative 
of the data we have for the entire period. The major source of X-ray emission durino STIP Interval II 
was a complex active regicn designated McMath 14143 on its second rotation and McMath 14179 on its third 
rotation. Other strong sources, however, were usually present also. The spatial resolution of the MXRH 
* instrument enables one to separate clearly the emission from these different regions. Investigators de- 

siring data not presented here, or a further reduction of these data, are encouraaed to request it from 
the authors. 
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Abstract The birrh and early evolution of a solar active region has been invcsdgated using X-ray 
observations from the Lockheed Mapping X-Ray Heliometer on board the OSO-8 spacecraft. X-ray 
emission is observed within three hours of the first detection of Ha plage, a: that time, a plasma 
temperature of 4 x 10* Kina region having a density of the order of 10 10 cm -5 is inferred. During the fifty 
hours following birth almost continuous flares or fiare-like X-ray bursts are superimposed on a mono!' mi - 
cally increasing base level of X-ray emission produced by plasma with a temperature of the order 
3x 10* K. If we assume that the X-rays result from heating due to dissipation of current systems or 
magnetic field reconnection, we conclude that flare-like X-ray emission sewn after active region birth 
implies that the magnetic field probably emerges in a stressed or complex configuration. 


1. Introduction 




The purpose of this paper is to investigate the birth and early evolution of a solar 
active region as observed at X-ray wavelengths. X-rays provide the most definitive 
indication of energetic processes and high temperature plasma. However, instru- 
mental limitations have prevented previous studies (Dodson and Hedeman, 1956; 
Born, 1974; Glackin, 1975) from adequately evaluating these aspects of the earliest 
phases of active region formation. The X-ray data to be discussed in this paper were 
obtained with the Lockheed Mapping X-Ray Heliometer (MXRH) on the NASA 
Orbiting Solar Observatory-8 (OSO-8) spacecraft. 

To put the X-ray observations into perspective, it is appropriate to review briefly 
current ideas on the birth and early development of active regions. When observing 
in Ha or Ca-K, the first indication of active region birth is a pair of small bright 
plages (often called foculli until they are large enough to be called plages) connected 
by Arch Filament Systems (AFS) (Bruzek, 1967, 1969; Weart, 1970). These young 
regions emerge at, or very quickly drift to, the border of supergranules (Bumba and 
Howard, 1964; Born, 1974). Associated with the developing plage is a bipolar 
magnetic field structure (Harvey and Martin, 1973) that is growing at about 
10 16 Mats’ 1 (Mosher, 1976). Slowly rising magnetic arches, identified with flux 
tubes, would account for the photospneric magnetic feature and the AFS. These 
rising tubes carry some photospheric material upward which subsequently flows 
down the legs of the arches under gravity. An individual arch emerges, rises and 
becomes optically invisible in approximately 30 min. About ten arches (the AFS) are 
visible at any instant, and the general pattern is maintained for a few* days. The high* 
invisible arches contribute to the total magnetic flux of the region. 
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The growth of a region usually terminates within a day or two of birth and the 
region begins to dissipate. However, a few regions continue to enlarge in plage area, 
magnetic complexity, flare productivity, etc. Roughly speaking, the probability of 
reaching any specified intensity in these indices varies inversely with the magnitude 
of the intensity. Eventually, all regions disintegrate. 

X-ray observations, when studied within the context of active region formation 
discussed above, provide information on formation and evolution at coronal levels, 
especially the formation of the active region coronal condensation. However, no 
previous X-ray instrument could provide continuous long term coverage of the full 
disk with spatial resolution adequate to separate a new weak region from the other 
regions on the disk. Good temporal and spectral resolution arc also required to 
interpret the conditions in the evolving plasma. 

In the next section we will describe briefly the MXRH instrument which provides 
these capabilities and with which we have now observed more than a dozen active 
region births. We will concentrate on one particular region, McMath 13811, which 
was born in late August 1975. This region was chosen by selecting from the data for 
the last half year of 1975 all regions which were bom within 60° of the central 
meridian and developed into major centers of activity before crossing the west limb. 
Four regions were found and of these the data available for McMath 13811 were the 
most complete. Though each region evolved differently in detail, the characteristics 
that apply to McMath 13811 generally apply to the other three regions so the 
evolution described here appears to be typical. 

This study of McMath 13811 encompasses 50 hr beginmng at 1400 UT on 19 
August 1975. For the 32 hr following our study interval, the X-ray region showed a 
generally increasing average intensity, number of flares and peak flare emission until 
limb obscuration on 22 August. The region (redesignated McMath 13831) was 
inactive during its second disk passage. 


2. The Mapping X-Ray Heliometer 

The MXRH was activated in orbit on June 22, 1975. The instrument responds to 
X-rays in the 1 .5-30 ke V' energy range, has a spatial resolution of about 2 min of arc, 
and maps the entire solar disk every 40 s. Longer integration times are required to 
detect regions of w eak emission. 

The instrument looks radially outward from the rotating wheel of the OSO-S 
satellite. It contains three detection systems, each collimated in one dimension with 
Oda-type mechanical collimators (Bradt era/., 1968; Oda, 1965). The collimators 
have a full width at half maximum transmission of 2 min of arc, although other 
instrumental effects broaden the instrument response function to about 4 min of arc 
under some conditions. Each field-of-view is tilted 1 20 c from the others. These three 
systems are called Vertical. Slant A and Slant B, with the Vertical system tlcld-of- 
view' parallel to the satellite spin axis. As the wheel rotation sweeps these fields-of- 
view past the Sun, three one-dimensional count rate distributions are obtained. 


56 





* 3 ® 



EARLY EVOLUTION OF AN X-RAY EMITTING SOLAR ACTIVE REOION 183 

These distributions permit the location and isolation of emitting X-ray regions. Each 
spatial distribution consists of 31 successive strips, or area segments, parallel to a 
system's field-of-view. Examples of these distributions are shown later in Figure 4. 
The wheel rotates at approximately 6 rpm and, under normal operation, four 
revolutions are required to form a complete set of three distributions. 

The instrument includes different proportional counter detectors which combine 
, to provide spectral information from approximately 1.5 to 30 keV. The low energy 

1 limit is established by the thinnest Be window (75 ^m) and the effective high energy 

limit is determined by the solar spectrum and intensity and is usually substantially 
»' lower than 30 ke V. Spectral information is obtained by 1 5 channel analysis of the 
proportional counter signals. 

Identical medium sensitivity detectors (called Large Detectors) are situated 
behind each of the three collimated systems along with detectors of other sen- 
sitivities. A more sensitive detector is Thin Window Detector B (TWD-B) in the 
Slant B system, the most sensitive detector is TWD-A, and the least sensitive 
detector is Vertical Small. Automatic detector switching provides a sensitivity range 
of > 10 5 . Effective areas as a function of energy for three of the detectors are shown in 
Figure 1. The observation time for a point source is about 0.02 s per wheel rotation. 





Fig. 1 . Calculated effective area* of MXRH detection %>stem& as a function of energy for normally 

made nt photons. 
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The instrument response to the solar X-ray emission is shown in Figure 2 where total 
counts which will be collected from a point source in one solar scan are plotted as a 
function of plasma temperature. The X-ray spectrum which was folded through the 
instrument response to produce these curves was computed by a code which is an 



Fig 2. Predicted totM counts in MXRH detectors (or one solar scan in response to a plasma with an 
emission measure o( 10 41 cm' 1 The prediction is based on an updated Tucker and Korcn (1971) 
(o-mulation (or the X-ray emission (rom a low density plasma. 

updated version of the formulation developed by Tucker and Korcn (1971) for the 
X-ray emission from a low density plasma. Further details of the instrument, its 
subsystems, and its operational modes are given by Wolfson etal. (197S). 

3. Observations 

Figure 3 shows the birth of McMath region 13811 as observed in Ha. These prints 
were made from full disk patrol movies obtained at the Big Bear Solar Observatory. 
The arrows are placed in identical locations on each print to assist in observing the 
plage birth at arrow C. When actually viewing the film, we fi.-st identify the plage at 
1545*0015 UT where the uncertainty results from the subjectivity of the viewer 
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Fig. 3. Ha images of the western solar disk at four times during the latter part of 19 August. The three 
arrows are located identically on each photo to .*id in observing the formation of McMath 13811 below 
arrow C. Photographs are courtesy of the Big Bear Solar Observatory 


and the variable spatial resolution (seeing limited to 2-4*) of the full disk image. By 
the time (1820 UT) X-rays are first detected with the Vertical Large Detector, the 
region consist* of two bright and one weak plage, each approximately 12 000 km 
wide, and the entire region falls within a circle of approximately 32 000 km diameter. 

The X-ray Sun at three times during this early evolution is shown in Figure 4. Note 
that McMath 13811 dominates the X-ray disk at 0100 UT on 20 August. Moving 
backward in time, the region is easily detectable at 1830 UT on 19 August, but not 
detectable at 1640 UT. These three maps also show that McMath 13808 was in line 
with McMath 13811 as viewed by the more sensitive TWD-A system. For this reason 
the detailed analysis has primarily utilized data from the vertical system. This makes 
the threshold for detectability roughly an order of magnitude higher than if we had 
been able to use TWD-A. 

We have limited the study of the early evolution of McMath region 1381 1 to the 
first 30 hr. The data for this period is displayed in Figure S where we have selected 
10 min as a standard summation interval to produce maps (similar to Figure 4) 
wherever possible throughout the 50 hr period. Each point is the 10 min average 
count rate for the Vertical Large Detector after background subtraction. Typical 
statistical (one sigma) error bars are indicated. Data points which are truly adjacent 
in time are connected by solid lines while those which have a dau. gap either due to 
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Fif 4. The Sun at teen in X-r*y» and Ha during the e*rl> evolution of McMath 13811 The MXRH 
X-ray data are collected and displayed in termt of 32 numbered Area Segmcntt. each 1 .3' in width Each 
histogram it normalized to the peak intensity for that detection svvtem The four principal X-ray emitting 
aci.ve regions are labeled (1) McMath 13808. (2) McMath 13807. (3) McMath 13796. and (4) McMath 
13811 The Ha photograph it cour* *»y of the Sacramento Peak Observatory 

satellite eclipse or the South Atlantic Anomaly are connected by a dashfd line. This 
distinction is made since some variations of less than 30 min will be lost due to these 

data gaps. 

Optical observations are indicated along the top of Figure 5. Ho birth is taken 
from the Big Bear Observatory movies as described earlier, while the Ha flare 
activity is taken directly from Solar -Gtcphy steal Data (1976a) with the arrows 
marking flare maxima. Periods of no flare patrol are also indicated. 

We have also examined the 50 hr period with 20 s time resolution. A sample of 
these data taken during the first half day of the existence of the region is shown in 
Figure 6. The b-kground rate, as shown, is well below the solar signal. These 
observations demonstrate conclusively that the early evolution of this region at these 
energies is highly structured, or 'bursty*, on time scales of minutes. 
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Fig. 5. A two Jay light curve for the X-ray emission from McMath 13811 as observed by the MXRH 
Vertical Large Detector after background subtraction. Representative error bars are shown. Each point is 
a 10 min average, with solid lines connecting continuous data sets and dotted lines connecting interrupted 
data sets. Rates in excess of 10 000 counts s* 1 were obtained with the less sensitive Vertical Small 

Detector and normalized for display. 

A word is in order concerning the meaning of the sensitivity threshold of the 
MXRH. Even for a fixed summation time the criteria for detection varies with the 
varying background intensity. We have selected a conservative value of 30 counts s’ 1 
as the detection threshold rate for the entire time period. For the X-ray emission 
from an optically thin plasma at 4 million degrees, this threshold rate corresponds to 
an emission measure, f n]dV\ of 8x 10 46 cm”\ For comparison with other X-ray 
data this threshold is equivalent to 6 x 10” 6 erg cm” 2 s' 1 in the 1-8 A bandpass; the 
nominal SMS/GOES 2 threshold is 10” 4 erg cm” 2 s” 1 (Solar-Geophysical Data , 
1976b). The threshold count rate can. of course, be obtained by other combinations 
of temperature and emission measure. Examples are presented in Table I. The flux 
values of Table I include both continuum and line emission a! hough in this 
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Fig. 6. A light curve of the X-ray emission from McMath 1381 1 for a three hour period during th^ first 
half day of the region’s development. Each data point is the average rate for area segments 24-2o over a 
20s interval. Statistical error bars (one sigma) are indicated The solid curve displays a 5 point running 

average of the individual data points. 

temperature range the cortribution to the large detector count rate due to line 
emission is never more than 25%. i 


TABLE 1 

Combinations of emission measure and temperature which produce i 
detectable signal in the MXRH Vertical Large Detector 


log io emission measure 

Temperature 

1-8 A flux 

(cm' 5 ) 

(10* K) 

(erg cm* 2 s' 1 ) 

44 

26 

2* 10'* 

46 

5 9 

J * 10'* 

48 

2.8 

1 * 10'* 


4. Discussion 

Four experimental facts concerning the formation of McMath 13811 should be 
noted: 

(1) X-ray emission is detectable within 3 hr of the first detectable Ha plage. 

(2) The overall X-ray intensity of the region shows a gradual increase with many 
large amplitude spikes superimposed on the upward trend. 
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(3) When observed with 20 s time resolution, there are many flare-like X-ray 
bursts (more than a factor of two increase in intensity in a minut ar less) even during 
the first day after plage appearance. 

(4) X-ray bursts and Ha flares, as reported in Solar Geophysical Data (1976a)and 
augmented by direct examination of Ha films, show some strong correlations as well 
as other equally dear examples of lack of correlation. 

The time relationship between the appearance of the chromospheric and coronal 
counterparts of an active region is quite important in interpreting the birth 
phenomena. We have inferred above that the X-ray birth for McMath 13811 came 
about 2\ hr after the Ha birth. Such a conclusion is dependent upon the sensitivities 
of both observing instruments. The Ha photographs are full disk, so to be identified 
as a plage the area ^ust be about 5 x 5" or larger. The Ha plage grew quite rapidly so 
the error in Ha birth is probably less than 15 min. For determining the X-ray birth 
we have only about 45% time coverage, so although the X-ray intensity certainly 
crossed the detector threshold within 2$ hr of Ha appearance, we may have missed 
seeing earlier emission. The fact that the early X-ray emission is very bursty makes it 
relatively unlikely to catch the earliest emission. 

Let us picture the region at 1830 UT as a simple bipolar system with a semi- 
toroidal flux tube arched above the photosphere. The cross sectional area and the 
length along the centroid of the tube can be estimated as l.lxl0 ,s cm : and 
3.0 x 10 9 cm respectively by assuming the two brighter spots on the Ha photo of 
1811 UT are the footpoints of the tube. An independent method of estimating these 
parameters is to use the Mt. Wilson magnetograph map at 1700 UT on 20 August as 
given in the Solar Geophysical Data (1975) and using the formulation of Mosher 
(1976) to work backward on a growth curve for similar regions. This technique yields 
similar magnitudes and these values are consistent with the observations of Epher- 
meral Active Regions (Haney and Martin. 1973). The tube volume is thus estimated 
at3xl0 17 cm*. 

For a 30 mm period centered around IS30 UT. the average X-ray count rate is 50 
counts s"\ the temperature is 4.0xl0*K, and the emission measure is 1.1 x 
10 47 cm~ 3 . For a volume of 3xi0 :? cm* this yields an rms electron density of 
6 x 10 9 cm~\ Such a density is about an order of magnitude higher than ‘quiet*, large 
scale, coronal features, and roughly the same as non-flaring active regions (Vaiana ct 
al . . 1975). Therefore, within 3 hr of the chromospheric birth at least one small, 
dense, coronal feature lias been formed. This feature was detectable by the MXRH 
because of its transitory, elevated tempera ire 

The trend of general increase in X-ray : ntensity for 50 hr either represents an 
increase in effective temperature, an increase in the amount of emitting material, or a 
combination of the two. To investigate this further, we have determined the 
parameters of the isothermal coronal plasma which most closely reproduces the 
pulse height distribution for each data point in Figure 5 Although the isothermal 
assumption is an oversimplification, most of the fits to the data were reasonable and 
the effective temperatures obtained in this manner are physically meaningful, 
especially for comparative purposes. 
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The resulting variation of temperature and emission measure with time are shown 
in Figure 7. The temperature is quite variable but appears to consistently return to a 
baseline value of approximately three million degrees, even though the intensity (as 
seen in Figure 5) increases by more than an order of magnitude. Correspondingly, 
the emission measure shows a monotonic upward trend with an e-folding time of 
about 18 hr. Thus, a reasonable model for the developing coronal condensation 
involves an increasing amount of material at a relatively stable temperature of 
-3.0 x 10 6 K with superimposed injections or transitory in situ creations of hotter 
material. The multi-thermal analysis of this model is beyond the scope of the present 
work. 

The superimposed enhancements seem to occur in groups which are sepatated by 
about 14 hr (around 0200 UT on the 20th, 1600 UT on the 20th, and 0600 UT on 
the 21st). This may be merely a coincidence, or may be related to spatial or temporal 
periodicities imposed by the mechanisms which determine how new flux emerges. 

Figure b displayed a small portion of the region's early evolution with high time 
resolution. The frequency of X-ray bursts in this sample is above average but very 
seldom is the light cu:ve smooth. We observed 10 bursts of mere than a factor ten 
increase during the initial 50 hr period, with the median increase being a factor of 25. 
The e-folding rise times of these bursts vary from 22 s to 4.5 min and the fall times 
vary from 2 to 23 min. To the extent of our data coverage (-55%), all are consistent 
with flare-like temperature and emission measure profiles; i.e. both the temperature 
and emission measure increase to account for the increased X-ray emission. The 
many flare-like bursts seen in these high time resolution data add to our general 
evolutionary model by suggesting that throughout the entire developmental period 
impulsive heating is taking place in a manner similar to that for regular flares. This is 
not surprising, since X-ray bright points are known to flare (Golub era/., 1974) and a 
very young active region is probably synonymous with an X-ray bright point. The 
existence of flares does not, therefore, distinguish the few young regions that will 
continue to develop fully from the multitude of X-ray bright points which last only a 
day or less. 

Figure 5 shows relatively poor detailed correlation between X-ray bursts and 
reported Ha flares and subflares. An in-depth analysis of specific examples is not 
part of this study, but careful comparison of MXRH and Ha records for this and 
other data sets reaffirms the fact that some X-ray bursts have little or no counteipart 
Ha emission and vice versa. The nearly pure X-ray events (e g. 1415 UT on 20 
August) are especially interesting because they may imply localized energy release 
and strong containment of the thermal energy in the corona. Such a phenomena is 
hard to understand in terms of a simple arched flux tube model of the active region. 

5. Summary' and Conclusions 

The Mapping X-Ray Heliometer instrument on OSO-8 has observed the birth and 
early evolution of the X-ray features associated with several active regions. One of 
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Fig. 7. The temperature and emission measure of McMath 13811 as a function of time during the 
region s development The parameters were obtained bv comparing the observed pulse height distribu- 
tions for the 10 min data sets displayed in Figure 5 to predicted distributions for isothermal coronal 
plasmas The error bars represent the larger of either (a) the one sigma variations that result when the 
spectra are perturbed bv counting statistics, or (b) the step size of the temperature grid used in the 
numerical computations Such errors are meaningful for relative ccmparison but underestimates for 

the absolute values 
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these (McMath 13811) has been studied in detail, and for it we And that soft X-ray 
emission is detectable within 3 hr of the first Ha detection. The X-ray intensity is 
seen to generally increase for the two days after birth with many bursts superimposed 
upon this upward trend. 

On the basis of this study we suggest that very early in the history of the active 
region a discrete volume of the order of 10 2T cm 3 with a density of about 10 l ° cm' 3 
was formed. The first detectable X-ray emission resulted from impulsive heating of 
this pre-existing volume to -4 x 10 6 K. The subsequent temporal evolution suggests 
that there is a gradually increasing amount of material at a relatively stable 
temperature of —3 x 10 6 K combined with many transient inputs of hotter material. 
Even during the first half day some of the transients are so rapid as to require 
impulsive heating similar to the flares observed in older and presumably more 
complex regions. 

We do not have adequate optical or magnetic coverage to do detailed correlations 
with the X-ray evolution of this region. Previous observations (Weart. 1970; 
Glackin, 197S; Frazier, 1972) suggest that individual flux arches are continually 
emerging and rising into the corona and that the growth of an active region means the 
number of arches existing simultaneously is increasing. The observed increasing 
X-ray baseline may well correspond to an increasing number of arches with effective 
temperature of -3x 10* K. In addition, any single arch or combination of arches 
may flare, resulting in the observed X-ray bursts. This study has shown that flaring 
processes (at least as inferred from X-ray emission) begin almost at once after 
magnetic flux emergence. This precedes the generally accepted period of develop- 
ment of magnetic field complexity which may be indicative that the field emerges in a 
stressed or complex configuration. 
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Summary. An attempt was made to detect 9.4-cm radio 
emission from flaring X-ray bright points with the 46-m 
telescope at the Algonquin Radio Observatory. 
Observations from the X-ray heliometer aboard OSO-8 
were combined with optical and magnetic data to 
substantiate possible events. Reduction of 52 h of radio 
data has revealed one event which is a candidate for radio 
emission from a flaring X-ray bright point. 

Key words: Solar activity — solar X-rays — solar radio 
emission 


I. Introduction 

Solar X-ray bright points arc compact emitting regions 
which are distributed over the entire solar disc, in 
intimate association with small, bipolar magnetic re- 
gions. Their properties have been discussed by Golub et 
al. (1974). who suggest that bright points represent a new 
type of X-ray phenomenon, w ith a formation mechanism 
different from that of active regions. 

Among the more interesting properties of these 
features is that 5 — 10% arc claimed to undergo abrupt 
and intense X-ray flaring during their lifetimj (<«0 
^8 hi. Such flaring occurs at all latitudes (Golub et al.. 
1974). Corresponding bnghtcnings have been reported in 
chromospheric lines (Golub et al.. 1975), but little else is 
known about these flaring bright points. In particular, no 
observations of their radio counterpart have been made. 
Because of the possibility that these events are the 
manifestation of the solar flare process in its simplest, 
most rudimentary form, we believe their study is poten- 
tially important for understanding the basic flare me- 
chanism. Accordingly, we have undertaken a joint study 
cf bright point flares in an attempt to supplement the X- 
rav data by means of microwave and optical obser- 
vations. 

In this paper we report on our attempt to detect the 
microwave counterpart of flaring X-ray bright points. 


II. Observing Procedure 

The joint observ ations were carried out at 9.4 cm with the 
46-m telescope of Algonquin Radio Observatory' 
(ARO) 1 , in Hx at the Ottawa River Solar Observatory 
(ORSO)and in X-rays (1.5 -30 keV) with the Lockheed 
Mapping X-ray Heliometer (MXRH) on OSO-8. 

For our observations at 9.4 cm we utilized a solid-state 
noise source as a "hot load" to balance the solar signal. 
We adopted Virgo A (3C 274) as a calibration source at a 
flux density of 100 Jv 2 * . The telescope beam (HPBW 
-8.6') was switched back and forth at one minute time 
intervals between two positions on the Sun. The two 
positions were chosen close to the limb, and in quiet parts 
of the disc near the heliographic poles, to avoid confusion 
with ordinary activity. Figure l illustrates the beam size 
ar.d the positions used on !0 March 1976. 

This observing procedure had several advantages: by 
observing near the limb the number of bright points in 
the beam was maximized due to foreshortening, and. by 
switching between two positions, the solar area moni- 
tored for bright-point flares was doubled. In addition, 
changes in receiver gam and or the atmosphere, being 
common to the observations of both positions, could be 
distinguished from real, localized solar events. Such a 
procedure resul'.s in a minimum detectable flux density of 
about 500 Jy for events of less than an hour in duration. 
By contrast, the ARO solar patrol threshold is^ 10 4 Jy. 

During all our observations simultaneous w hole-disc 
coverage at 10.7cm from the ARO solar patrol was 
available. These observations were invaluable in dis- 
tinguishing between occasional solar bursts in the side- 
lobes and the much weaker activity which we were 
seeking within the main beam of the 46-m telescope. 

Optical Hx observation* with the 25-cm photo- 
heliograph at ORSO were coordinated with the ARO 
effort. The optical telescope was programmed to scan the 
same parts of the Sun being observed at ARO The 


1 The Vgonquin Radio OKer\ator\ i> operated b> ihc National 
Research Council of Canada as a national radio astronoim facilitx 

2 l J> • 10" :e VV m ’ : Hz ' ‘ ■ 10" 4 volar flu* unit 
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Fig. I. Penmens between which the 8 6 
beam of the ARO 46-m telescope was 
switched at one-minute intervals on 10 
March 1976 


combined radio and optical observations, being of high 
sensitivity ar.d high spatial resolution (I mm* 15'). re- 
spectively. constituted a powerful tool for the study of the 
low intensity and highly localized activity of interest to 

us. 

The X-ray heliomctcr on OSO-8 consists of three 
one dimensiona’ collimators (FWHM *2') with relative 
orientations of 120 The Sun is scanned in three 
directions every 40 s. and matching observations at 
different orientations enables the location of X-ray 
sources on the disc. The detector elements are pro- 
portional counters of differing types in order to achieved 
dynamic range of 10 5 . The MXRH spectral response is 
approximately l.5-30kcV with maximum efficiency for 
photons of about 3-6kcV\ This energy range is sub- 
star tially higher than that used for the Skylab obser- 
vations of Golub et al. (19 7 4). 

III. Results 

Observations were made of ihc Sun in February. 
March and April 1*376. Reduction of the resulting 52 h of 
radio data has revealed only one event w hich is a suitable 
candidate for radio emission from a Haring X-ray bright 
point. The radio event occurred with the beam centered 
at S30 W 30 on 10 March 1976. the most quiet of the 


three observing periods. The9.4-cm radio burst started at 
2150 LT. reached a peak flux density of about 1 200 Jy al 
2157 UT and subsided sometime after 2210 UT (Figure 
2a. b) when we had to stop observing. The time ev*. »tion 
of this event is typical of that exhibited by flaring X-ray 
bright points (Golub et al.. 1975). The absence of any 
detectable (lux increase in the whole-disc solar radio 
patrols at both Ottawa (ARO) and Penticton (DRAO) 
(Bell. 1976) assures us that the burst we observed did not 
occur in a side-lobe of the 46-m telescope. In addition, no 
observable radio e> ents of any type were recorded by the 
swept- frequency receivers at Ft. Davis (Maxwell. 1976) 
and Boulder (Warwick. 1976). 

The available optical data give credence to the 
reality of this small radio event Because of cloudy condi- 
tions at ORSO. we had to rely on whole-disc Hi filter- 
grams from NOAA. No sunspots were present in the 
area Simultaneously with the radio burst, a small 
^5*’xl0'Hi brightening ‘Fig 3a> occurred at 
S30W32 in a tiny plage ‘McMath 14119) which ap- 
peared on 7 March and was gone by 1 1 March. The event 
took place above a photospheric bipolar magnetic fea- 
ture v ivible on kitt Peak magnetograms obtained on 8. 9 
and 11 March (see Fig. 3b). There was no data on 7 and 10 
March. The bipolar magnetic feature closely re embles 
the "ephemeral active regions" (E R ) described by Harvey 
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ark Martin (1973) and Haney et al. 1 19 7 5). The magnetic 
feature had disappeared on 12 March, but this mas in 
part be due to the center-to-limb effect on the longitu- 
dinal component of the field. 

The emergence of OSO-8 from the Earth s shadow 
took place at 2201 LT on 10 March shortly after peak 
flux s\as recorded for our radio event Figure 4 gi\es the 


Fig. 2. a Signal obtained by the char, recorder at ARO 
during a quiet period of the observations on 13 March 
I9T6 (topi The northern hemisphere appears notter 
than the southern one The event >ho*> up i bottom) as 
a decrease of tlsc differential flux density due to 
heating in the southern position of the beam The 
sharp spikes in the record are transients produced 
^ hen the beam is moved 

b Reduced obscnations shovt.ng the radio hurst at 
2150 I T 


X-ray map during a period corresponding to the decay 
phase of the radio burst. The S30W36 location cor- 
responds to a weak source producing peaks of about 
,50cts$~ 1 against a background of 12 ctss* 1 as seen by 
the Slant B thin window detector and I45ctss' ! against 
a background of 1 1 etss" 1 as seen by the more sensitive 
Slant A system Similar \-ray maps for periods im- 
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fit.}. a Southern half of a whole-disc Hi filtergram of the Sun on 10 March 1976 at 2157 27 IT The transient brightening indicated at S30W32 
occurs within the southern positions of the radio beam as shown in F igure 1 b Magnetogram obtained on 1 1 March 197b at about 1606 L’T showing 
the bipolar magnetic feature (arrow i corresponding to the activity in the above filtergram (courtesy of Kilt Peak National Observatory * 
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Fig. 4. Swans of \ ray intensities obtained by the 
vl\RH When the small peaks in the counting rate 
distributions of Slant A and Slant U systems are 
matched, one of the thre; resultant sources 
corresponds 10 *hc location of the Hi brightening 
within acceptable positional errors 
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mediately after 22 : 10 show little or no signal. There were 
no indications of the source on a map made just prior to 
entering satellite eclipse 1 1930—1936 l ; T). Therefore, we 
conclude that transient, weak X-ray emission occurred 
during at least part of the radio hurst, and that these 
X-rays originated from a location coincident with the 
Hx brightening within acceptable position errors. 


IV. Discussion 

Unfortunately, the X-ray data over the time period 
corresponding to the radio burst are not complete, but 
they do indicate the occurrence of an X-ray burst 
coincident with our radio event. How ever, the question of 
whether the site of the burst was a long-lived (>50h) 
X-ray bright point (as described by Golub et al.. J976) or 
simply a tiny active region (assuming there is a difference! 
cannot be answered with the limited data available. 

We were surprised that we observed only one event in 
52 h of radio observation. If our feature was a typical 
X-ray bright point flare, we should have seen >lx times as 
many events according to the statistics of Golub et al. 
(1974). However. Harvey et al. (1975) and Golub et al. 
(19751 have pointed out the one-to-one correspondence 
of solar X-ray bright points and ephemeral magnetic 
regions lERl. Since the number of FR varies with the 
solar cycle in the same wav as regular activity (Harvey et 
al.. 1975). one might expect one-third as many X-ray 
bright points in March 1976. Furthermore, other events 
may be hidden in the fluctuations due to side-lobe effects 
from strong radio events in region McMath 14l79durmg 
our April observing period. 

In summary, we are faced with the following alter- 
natives. The event of 10 March 1976 was not a typical 
flaring X-ray bright point but was rather a microwave 
burst from a fairly young, tiny bipolar magnetic region 
which correlates with an Hx brightening and with 


1)1 

enhanced X-ray emission. If this is the case it is the 
weakest solar flare yet observed over such a broad 
electromagnetic spectrum. Alternatively, if wc accept this 
event as the flaring of a long-lived X-ray bright point, wc 
can address the question of w hether X-ray bright points 
represent a distinct class of solar activity No peculiar 
properties set our event apart from the v.jdc variety of 
larger solar flares which occur generally in regions 
characterized by larger amounts of magnetic flux. Golub 
et :J. ( 1976) have found that the longer-lived X-ray bright 
points generally reach larger sizes than is normal and. like 
our event, tend to occur within 30 of the equator. Such 
long-lived, bigger bright points may produce stronger 
flares than is typical. This would be consistent with our 
failure to see other radio bursts corresponding to shorter- 
lived X-ray bright points. 
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SUMMARY 


The soft X-ray continuum in solar flares is thermal bremsstrahlung from 
hot coronal plasmas. The heating of this plasma is one of the principal forms 
of energy release in flares. Results from the SKYLAB mission have emphasized 
the importance of arch structures in the morphology of this plasma. 

This paper is a study of the temperature and emission measure evolution of 

the hot flare plasma as observed in 24 events by the Lockheed OSO-8 Mapping 

X-ray Heliometer (MXRH) . Previous studies of the evolution of these plasma 

parameters include Culhane and Phillips (1970), Kahler and Kreplin (1971), 

Horan (1971), Datlowe et al. , (1974), and Pallivicini, Serio, and Vaiana (1977). 

The Lockheed instrument is a modulation collimator system which images the sun 

with 2 arc minute resolution. Photons from 2-15 keV are analyzed into 14 pulse- 

height channels. The instrument has 3 proportional counters with an effective 
2 2 

area of 25 cm at 8 keV, and one system has a 1 cm effective area counter which 
is automatically switched in by high counting rates during flares. Because the 
instrument can isolate the X-ray flux from a particular active region and re- 
ject the remainder of the solar background, it is more sensitive than the non- 
imaging systems used in earlier studies. 

To determine the temperature and emission measure during an event, observed 
pulse-height dis .iJiutions are compared with a set of model spectra to 
find the minimum chi-squared. Tne source spect.a are computed according to the 
methods of Tucker and Koren (1971), including line emission, free-free, and 
free-bound bremsstrahlung. These spectra have been folded through the detector 
response to give a set of comparison spectra. 

The principal features of the evolution of these soft X-ray flares are the 
exponential growth of emission measure during the rising phase of the event, 
and the slow decrease in the emission temperature throughout all but the very 
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beginning of Che event. These features have been well documented previously. 

As compared with sets of events studied before, the 0S0-8 events are typically 
smaller. The time required to reach maximum emission measure is characteristi- 
cally longer for these small events. The MXRH can easily measure temperatures 
as low as 3 x 10^K for active region studies. Nonetheless, peak flare 
temperatures less than 10 x 10^K were not observed even in the smallest of the 
24 events. There is a sharp cutoff in the distribution of peak temperatures 
at 10^K, indicating temperatures above 10^K are required for these subflares 
to occur. 
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Abstract 


Soft X-ray emission from the sun during STIP Interval II, observed with the 
Lockheed Mapping X-ray Heliooeter on the NASA 0S0-8 satellite, is presented. In 
examining the emission versus time for extended intervals around the times of 
the Class IB flare on March 28, 1976, and the Class IB flare on April 30, 1976, 
we find significantly more low level flare activity prior to the major flares 
than after. Twelve ood'.st X-ray bursts are Investigated and no compelling case 
of a preflare brightening phase is observed. Preliminary correlations with the 
time history of emitted solar particles are discussed. 
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L INTRODUCTION 


This study examines the condition of the solar corona prior to, during, 
end following two large solar flare* which occurred during STIP Interval II. 

The principal observations which will be used are at X-ray wavelengths, and 
therefore provide an indication of the processes taking place in the high 
temperature plasma. Correlations Wi.»h otbe related phenomena, to the extent 
presently available, will also be used to * 1 r* elucidate the entire flare phe- 
nomena* 

The X-ray observations were obtained with the Lockheed Mapping X-ray 
Hellooeter (MXRH) on the NASA Orbiting Solar Observatory-8 (OSO-8) satellite. 

The MXRH became operational on June 24, 1975, and obtained data through STIP 
Intervals I, II and III. A brief description of the MXRH instrtanent, the data 
coverage during STIP Interval II, and several sets of data for periods of major 
activity during this Interval will be published in the UAC Special Report on 
the Retrospective World Interval 20 March to 5 May 197* (Wolfson, Acton, Roethlg, 
and Smith, 1977). That article will hereafter be referred to as Paper I and 
Information In Paper I will in general not be restated in this paper. 

The MXRH Instrument responds to X-rays in the 1.5 • 30 keV energy range 
although the effective high energy limit for solar observations is usually 
substantially lower than 30 keV due to the steepness of the solar spectrum. 

The instrument looks radially outward from the rotating wheel section of 
the OSO-8 satellite. It contains three detection systems, each collimated in 
one dimension with mechanical collimators. The collimators have a full width 
at half maximum transmission of 2 minutes of arc, although other instrumental 
effects broaden the instrument response function to about 4 minutes of arc under 
some conditions. Each fleld-of-viev is tilted 120° with respect to the others. 
These three systems are called Vertical, Slant A and Slant B, with the Vertical 
system fleld-of-vlew parallel to the satellite spin axis. As the wheel rota- 
tion sweeps these fields of view across the sun, three one -dimensional count 
rate distributions are obtained. These distributions permit the location 
and isolation of emitting X-ray regions. Each spatial distribution consists 
of 31 successive strips, or area segments, parallel to a system's fleld-of-vlew. 

An example of these distributions is shown in Figure 1, where the map for 
1521-1524 UT on March 28 is presented. This exaiu^le demonstrates how active 
regions which are overlapping in one detection system may be clearly resolved 
in a different system. The instrument maps the entire solar disk every 40 
seconds. Longer Integration times are required to detect regions of weak 
amission. Temporal information is obtained by monitoring the intensity versus 
time for selected area segment?. Spectral Information is obtained by 15 channel 
analysis of the proportional counter signals. 

A more complete description of the MXRH may be found in Paper I and detailed 
information is given in the Technical Manual for the Mapping X-ray Heliometer 
Instrument on 0S0-8 (Wolfson, Acton, and Gilbreth, 1975). Daily MXRH maps of 
the sun since August 1975 have been published in Solar Geophysical Data (SGD) . 

It is anticipated that the MXRH will continue operation until at least October 
1978. 


The three largest solar flares observed by the MXRH between July 1975 and 
January 1977, as defined by either the magnitude ot the resultant geomagnetic 
storm or the maximum intensity of the soft X-ray emission, occurred during 
STIP Interval II. In this paper we will study the time periods around the 
flare which occurred near 1930 UT on March 28 and the flare near 2115 UT on 
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Figure 1. The X-ray Sun Prior to the Large Flare of McMath 14143 Near 
1930 UT. The >0CRH data are collected and displayed In terms of 32 cum- 
bered area segments, each 1.3 arc minutes In width. Each histogram Is 
normalised to the peak Intensity for that detection system. The arrows 
converge on McMath 14143 (~- S7 E28) and McMath 14146 N5 W55). 


April 30. These two events were chosen In preference to the event near 0900 UT 
on March 23 since these two flares occurred well away from the solar limb 
thereby Increasing the likelihood of the correlation with data from other observ- 
ing Instruments. The event of March 23 was at, or slightly behind, the visible 
east limb. 


2. EVOLUTION OF X-RAY EMISSION 


Figures 2 and 3 show soft X-ray Intensity light curves for extended Intervals 
around the times of the two major flares. The solid portion of the curve Is a 
normalized MXRH count rate from the region which produced the major flare. 

OSG-3 views the sun for approximately 60 minutes out of every 90 minute orbit. 
Additionally, data losses result when the satellite is in the high background 
environment of the South Atlantic Anomaly radiation zone. Ve have drawn dashed 
curves through the MXRH data gaps based on the NQAA 1-8 A full sun X-ray obser- 
vations (Donnelly, private communication, 1977). Minor variations, and varia- 
tions known to b« from a different region by optical observations, were eliminated 
from the NOAA data. Reported (SGD) optical flares and subflares are also indi- 
cated. Except for the two class IB flares, one on March 28 and one on April 30, 
all of the Her enhancements were classified as subflares. Some higher time 
resolution data may be seen in Paper I. 



















2.1 Frequency of Flare Occurrence 

An examination of Figure 2 demon* t rate* that for about a day prior to the 
proton producing flare of April 30 the X-ray emiaaion ia quite buraty with 
the emiaaion seldom dwelling at the baaeline intensity of ~ 10 3 cta/a. After 
the flare there la a long decay with very few significant bursts* The lack of 
post flare bursts may be partially attributed to the high baaeline during the 
early decay. However, by 0400 UT on Hay 1 the baaeline la down to 5 X 10 3 cta/s 
and bursts of 5 X 10 3 cta/a would be easily seen. There are none until 2120 UT. 

In coaoarison, there are about 16 bursts with intensity increases of more than 
5 X 10* cts/s during the 24 hours prior to the major flare. 

Similar variations in the frequency of the Ha flares, as well as full disk 
X-ray bursts, prior to and after major solar flares have been reported previously 
(KHvsk£, 1973; Dodson and Hedeman, 1976). Flare occurrence is usually con- 
sidered to be closely correlated to the complexity of the active region magnetic 
field. However, searches for flare-associated magnetic field restructuring 
with photospherlc magnetographs have produced ambiguous results. The above MXRH 
burst frequency comparison may indicate that such a restructuring toward a con- 
figuration of lover potential energy does occur, at least at the higher levels 
where the X-ray bursts appear to originate. 

About 24 hours after the flare of April 30 a moderately large event is 
observed. This time for building back up to a flare-prone configuration is con- 
sistent with that stated by Svestka (1976) and with the calculated times for 
building up a stressed magnet' ^ configuration containing the appropriate 
quantities of energy (Tanaka and Nakagava, 1973) • 

The comparison of the frequency of significant flares prior to and after 
the March 28 event (Figure 3) is not as striking as for the April 30 event. 

This is partially because it takes nearly twice as long to decay to 5 X 10 3 cts/s. 
However, we do observe six bursts of 5 X lo3 cts/s in the 20 hours prior to the 
event, and none until about 24 hours after; though there are four bursts of 
— 2 X 10 3 cts/s. The general pattern of more activity prior to the event than 
after is therefore still maintained. 

2.2 !Ye*Flare Brightening 

Some flare theories (Priest, 1976; Spicer, 1976) contain a pre-flare 
brightening or pre-flare heating phase that may be observable in the soft X-ray 
emission. The duration and magnitude of this phase are not uniquely specified, 
but a time of approximately 10 minutes to an hour is typically expected. Some 
observers have reported data consistent with a pre-flare brightening phase 
(Pallavicini et al. v 1975; Petrasso et al., 1975) while others have reported a 
systematic lack of pre-flare brightening (Kahler and Buratti, 1976). None 
have had access to continuous high time resolution data of a single region 
such as the MXRH provides. 

We have studied the MXRH data for the two periods of interest to see if 
pre-flare brightening is observed. Twelve X-ray bursts with appropriate 
pre-flare data were examined and not one compelling case of pre-flare brighten- 
ing was found. Six bursts wer«v clear counter examples. This result indicates 
that pre-flare heating does not usually involve significant amounts of material 
at temperatures of 2 million degrees or above. In contrasting our results 
with those from the Skylab soft X-ray imaging experiments, it should be noted 
that the MXRH low energy limit is about Che same as the high energy limit of 
the Skylab instruments , so energy and temperature dependent phenomena may be 
observed differently by the two types of instruments. 
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A related observation la that flares from the tan e region show a wide 
variation In rise tines and fall times, and that two (or more) bursts ere fre- 
quently superimposed* A statistical evaluation of causality Is beyond the 
scope of this paper* It Is possible that some reported pre-flar* brightening* 
were actually double flares where the early flare had a very slow rise tine* 


3* ENERGY OUTPUT 


To obtain the X-ray energy radiated from the two major flares *e first 
determine the parameters of the isothermal hot plasma which most closely repro- 
duce the observed pulse height distributions during the flares. An updated 
version of the code developed by Tucker and Koran (1971) for the emission from 
a low density, high temperature plasma la used for this determination. Two 
parameters, temperature and emission measure (fn* 2 dV), are derived The 
radiation predicted by the model for any wavelength Interval can then be cal- 
culated* The 1-8 A wavelength band was chosen because It corresponds reasonably 
well to the MXRH sensitivity range and Is the coemonly used interval for the 
SOLRAD and NOAA full sun monitors. The resultant MXRH fluxes are typically 
consistent with the NOAA monitor fluxes when the region of interest dominates 
the disk and Is non- flaring, while the MXRH values are somewhat lower near the 
peak of large flares. 

The MXRH did not observe the peak of either major flare. For the April 30 
flare our observations began at 2121 UT, about 7 minutes after peak emission. 
For the March 28 flare our observations ended at 1918 UT and began again at 
2004 UT while flare maximum was about 1940 UT* The MXAH fluxes were extra- 
polated through these gaps. We obtain a total X-ray output (1-8&) of 6 X lCr* 
ergs for the April 30 flare and 1 X 10^° ergs for the flare of March 28* 


4. RELATED OBSERVATION 


The possibility of combining the X-ray data with information from other 
experiments should be greatly enhanced by Interactions at this symposium. Our 
preliminary efforts in this direction have centered around examining particle 
observations for the April 29 to May 2 Interval. This interval was selected 
because it contained a high energy proton event and because the source, McMeth 
14179, was on the wcutern portion of the disk and thus had good access to tne 
interplanetary magnetic field lines leading to the earth. The non X-ray data 
thus far examined are: 1) the IMF 7 and 8 relstlvlstlc electron fluxes as 

provided to us by f.M Xrlmingis of John Hopkins Applied Physics Laboratory, 

2) the IMP 7 and 5 hign energy proton fluxes t resented in SCO, and 3) radio 

observations from SG0* 

The high energy proton data show a five order of magnitude Increase 
correlated with the major flare of April 30, but no detectable increases with 
any of the other flare activity. These data will not be discussed further. 

The > 0.22 MeV electron data from IMP-7 and IMP-8 are shown in Figure 4 
along with a compressed version of the X-ray fluxes previously presented in 
Figure 2. Periods when Type II and Type IV radio noise was detected, indica- 
tive of significant particle acceleration, are also shown. The electron 
carve is dominated by the major event at 2115 UT on April 30. Increases are 
also seen associated with the modest X-ray bursts (Hor subflares) at 0000 UT 
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and 1250 UT on April 30. However, no detectable electron enhancements occurrsd 
In con unction with the burse se 1930 UX on April 29 or with the flare at 
2200 UT on May 1. 

It la interesting to note that tha time dapandanca of tha electron flux for 
the eubflarc at 1250 UT reiambUs tha major flare both In rise time to mar law 
and decay rata, indicating that tha interplanetary propagation condition* and 
injection rate* ware similar at both times. Tha similarity in shapes also 
adds confidence to associating tha electron enhancement with the subflare* The 
short time Internals (1*1 to 1*5 hr) required for the electron flux to reach 
maximiM is consistent with a direct magnetic connection and a relative long 
scattering mean free path in the interplanetary medium (Lanserottl at al*, 1973) 
The electron flux Increase following the subflare at 0600 UT is much less pro- 
nouncad and is too uncertain to provide propagation information* 

The lack of a significant electron enhancement from ?he subflare at 1930 
UT on April 29 is surprising, as this event was comparable in X-ray yield with 
the two subflares which did produce electrons* The active region was some- 
what less favorably situated at that time (W30), but it seems unlikely that 
this is the dominant difference* 

No electron enhancement was observed accompanying the flare late on May 1 
although the flare was very favorably located (U60) for propagating electrons 
to earth and It might have been expected that the major flare a day earlier 
would have smoothed out lnhooogenelties in the Interplanetary field and improved 
the propagation characteristics (Bukata and Palmelra, 1967). However, at the 
time of the May 1 flare the decaying electron flux from the April 30 event 
was still two orders of magnitude above the quiet time background values and 
a moderate electron flux increase would not have been noted. 


5. SUMMARY 


Using data which were obtained with the Lockheed MXRH experiment on OSO-d, 
we have studied the solar soft X-ray emission for periods Including tha major 
flares of March 28 and April 30, 1976* Our data are consistent with models 
which predict significantly more activity prior to a major flare than after, 
and with approximately one day as the time required to build up the configure* 
tlon for a subsequent Urge flare. The data are* in general* not consistent with 
a pre-flare X-ray brightening phase on the time scale of 5-60 minutes* 

Examination of >0. 22 MeV electron data for a period including the April 30 
event shows that small enhancements were detected from two subflares prior to 
the IB flare and that s large flux was promptly detected In correlation with 
the IB flare* Somewhat surprisingly no electron enhancements were detected 
from the flares about a day earlier ^1930 UT on April 29) and a day later 
(2200 UT on May 1). Tha lack of an enhancement on May 1 may be simply because 
the Intensity was still quite high due to the major event* 
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Discussion 


Kaufmann; In high sensitivity tracking of an active solar center at 13 no wave- 
length, In July 1974, ve observed time features very much comparable to the soft 
X-ray results presented hare* 

Wolf* on: Thank you for that Interesting comment. Kundu of the University of 
Maryland has told me that he does see evidence of preflare heating for some 
radio events. 
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Appendix I 


X-RAY EMISSION ASSOCIATED WITH FILAMENT ACTIVITY 



L*W. Acton and J.M. Mosher 


Reprinted from Jensen, Maltby and Or rail, eds. , 
I.A.U. Colloquium #44 (1978), pp. 269-272 
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X-RAY EMISSION ASSOCIATED WITH FILAMENT ACTIVITY 


L.W. Acton and J.M. (ioihtr 

Loockheed Palo Alto Rasaaroh Laboratory 
Palo Alto* California 

Tha purposa of this rasaaroh is to investigate tha 
temporal and spatial ralationships of activatad filaments* 
soft X-ray production , and Ha flares. Tha X-rty data ara 
from tha Lockhaad Mapping X-Ray Heliometer (MXRH) on OSO-B 
(Wolf son at el** 1975* 1977). This instrument has been 
oparating continuously sines July 1975. It rasponds to 
radiation from solar plasma abov^ about 2 x 10 6 X* provides 
a tins resolution of 20 sac# a spatial rasolution of 2-3 
are min and has a basic sensitivity roughly equivalent to 
tha 1-8 A full disc monitors of* a.g.* tha SOLRAD and 
SHS/QOES satellites (threshold « 2 x 10~ 9 W/m*) . However* 
because of its spatial rasolution tha MXRH permits study of 
small X-ray events in individual active regions even whan 
the integrated solar X-ray amission is high. 

Tha events finally chosen for study were selected from 
a sample of 114 hours of the very best* high resolution* Ho 
records of active regions gleaned from about 150 days of 
observations of active regions by Big Bear Solar Observatory 
all with simultaneous MXRH coverage. In the final data set* 
20 flares were chosen for detailed study. Of these 10 were 
significant flares and 10 wero smaller flare-like events. 

The largest flare was an Importance 1 proton event on April 
30* 1976. Blue wing observations were available for about 
half of these events. 

We have examined these data for pre- flare filament 
activation and pre-flare X-ray enhancements with the object 
of discovering a link between the two phenomena - if they 
exist at all. To ths limits sst by thsss data vs find no 
convincing svidsnc* for oonaistsnt prs-flars sf facts in 
Ha or X-rays. 


270 


As to whether there is* even in H-elpha, e distinct 
pre-flare filsmsnt Activation phasa we should mention that 
our viewing of thasa films did not convince us of the general 
usefulness of the conclusions of Martin and Ramsay (1971) 
or of Martras at al. (1977) . The affects of which they 
speak seam vary subtle to lass experienced observers like 
ourselves. In each flare there was undoubtedly some sort 
of preflare filament activity that could be pointed out some* 
where in the region, but, by the same token, there seemed 
to be innumerable examples of similar filament activity which 
did not result in flares. We did not get the impression that 
the kinds of flares which we ware looking at could be 
predicted by watching what was happening to the filaments. 
Perhaps this is because we are looking at small events. 

Likewise, study of the pre-flare X-ray light curves of 
these events reveals no consistent evidence for pre-flare 
heating. This is in agreement with the results of Wolf son, 
et al. (1978) for a randomly selected sample of 46 flares. 

On the other hand, we fino a general, although by no means 
proportional, correlation between soft X-ray light curves 
and Ha emission in agreement with the comments of Dodson 
and Hedeman (1976). 

In summary, for these rather small flares and flare- 
like events, we would have to say that we do not see any 
striking correlation of filament activity with pre-flare 
periods, nor, at the sensitivity of our instrument, do we 
find the gradual systematic pre-flare X-ray enhancements 
that have been reported by some experimenters (Teske and 
Thomas 1969) Thomas and Teske 1971). As to the general 
relationship between filament activity and X-ray enhance- 
ments we are less certain. Aside from the it apart’ tion bruajue 
it seems clear that filament activity Itself ia not directly 
responsible for any dramatic effects in X-rays, and even there 
the enhancement comes after the filament has disappeared 
(e.g, Webb et al . , 1976). As to more subtle correlations, 
we are limited by the spatial resolution of our experiment 
which sometimes makes it rather difficult to know exactly 
which chromospheric phenomenon is associated with the effects 
we see. 
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A SUMMARY OF LOCKHEED X-RAY DATA FOR MCMATH 14943 AND FOR 
THE FLARE OF NOVEMBER 22, 1977 


J*M. Mosher, G*H. Bruner and C.J. Wolf son 


Special report prepared for World Data Center A (1978) 
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A SUMARY OF LOCKHEED X-RAY DATA FOR McMATO 14943 AND FOR 
TOE FLARE OF NOVEMBER 22, 1977 


bY 

J.M. Mosher, G.H. Bruner and C.J. Wolfson 
Lockheed Palo Alto Research Laboratory 
Palo Alto, California 


1. INTRODUCTION 

Since June, 1975, the Lockheed Mapping X-Ray Helicmeter (MXRH) onboard 
OSO-8 has provided essentially continuous coverage of solar activity in 
the 2-15 keV X-ray band via one-dimensional collimators and proportional 
counter detectors. The present contribution suntnarizes the data obtained 
for McMath 14943, during September, 1977, and for the flare of November 
22, 1977. 

2. INSTRUMENTATION 


The design and operation of the MXRH instrument were described in our 
submission to UAG Report 61 (Wolfson etal. , 1977) . More detailed in- 
formation is provided in Wolfson et ad . (1975) . For the present purpose, 
it is sufficient to knew that the data are collected in a manner such that 
count rates can be extracted in various combinations of arc-minute wide 
linear strips laid across the sun in three orientations at 120° to one 
another. Within any strip the counts can be further subdivided into 15 
pulse-height (i.e. , energy) channels, on the basis of which the effective 
temperature and emission measure of a source within the strip can be determined. 

The 550 km altitude of the OSO-8 orbits limits data collection to 60 
minute daylight segments separated by 30 minute periods of darkness. 

Additional intervals of up to 32 minutes are lost when the detector high 
voltages are switched off as the spacecraft passes through the South 
Atlantic Anomaly. Tlie resultant average coverage is about 50%, with a 
measurement every 10 seconds in one of the three collimator systems during 
the active periods. 

3. GENERAL NATURE OF X-RAY OBSERVATIONS FOR SEPTEMBER, 1977 

An examination of MXRH maps from September 8 to September 22, 1977 
shows that the intense magnetic complex formed by McMath 14943 and its 
smaller companion region McMath 14942 was the dominant X-ray source on the 
sun during the entire course of its disk passage. No attempt has been 
made to separate the cvgnals from the two, since at the resolution of the 
MXRH the sources are essentially unresolved. McMath 14943 is presumably 
the main contributor based on H-alpha flare reports. 

Next to this complex, the second most important producer of X-ray 
anission was McMath 14952, in the opposite hemisphere. While in its non- 
flaring state it was roughly an order of magnitude dimer than McMath 14943, 
it could, during flares, briefly dominate the sun. On two ocassions 
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(September 18 at 1822 UT and September 19 at 1937 UT) the MXPH shows it 
reaching fc/ur times the brightness of McMath 14943 in the 2-15 keV band. 

On a number of other ocassions it achieved approximate equality (e.g. : 
September 18 at 2326 UT, September 19 at 1534 ITT, and September 22 at 0820 
UT) • The only other region to achieve this distinction was McMath 14930. 

On September 13 at 1125 ITT when it was on the NW limb and McMath 14943 vas 
at a low ebb, it readied about two- thirds of the intensity of McMath 14943. 

4. OBSERVATIONS OF McMAIH 14943 

A. Light Curve 

Variations in the X-ray intensity of M:Math 14943 (or, more properly, 
of the unresolved activity ccnplex formed by McMath 14943 ar«l its ccrtpanion 
region McMath 14942) frcro September 5 through September 25, 1977 were 
investigated by constructing eighty four 6-hour light curves using the 
vertical detector system. Data in this system are collected once every 
20 seconds; using the Vertical Large detector for count rates belcw 15,000 
cps, and the 15 time less sensitive Vertical Small Flare detector for count 
rates above that level. The approximate energy coverage is 2 - 15 keV for 
either detector, with most of the counts caning at the low-energy end. Two 
small data gaps, one of 5 hours on September 10 and the other of 5 hours 
on September 11 were introduced by operational errors. 

For an exanple of a typical Vertical collimator light curve, see Figure 
3. A swmary presentation of all ir lividual light curve results for McMath 
14943 is given in Figure 1, where each vertical bar represents the span 
of count rates encountered in a 90-minute orbit, and the connected dots 
are orbital averages. In preparing this plot, the problem of detector 
switching discussed in Wolf son etal. (1977) has been avoided by manually 
sliding the Small Flare data by a factor of 15 so as to obtain an effective 
count rate in Vertical Large. Even so, the magnitudes of five of the major 
flare events are not accurately represented since they were sufficiently 
intense to produce overflow and saturation even in this least sensitive 
of the MXRH detectors. The maxima of smaller flares will also be under- 
estimated whenever their peaks happen to fall in MXRH data gaps. 

Data have been shewn only for September 6 through September 24, since 
before and after these dates the weakening signed from the source behind 
the limb became blended with comparable signals from smaller sources on 
the visible disk (McMath 14941 in the East and McMath 14943 in the West) 
in such a way that the two signals could not be easily disentangled at 
the resolution of the MXPH. For the interval shewn, observations of McMath 
14943 in the Vertical system should be clean. 

One of the main observational results illustrated by Figure 1 is the 
sporadic nature of the flare occurences, with two periods of distinct 
activity separated by a relatively long dry spell. This variation does 
not appear to be related to any obvious change in the photospheric magnetic 
structure. 


In general the timings of the X-ray flares (particularly the start 
and peak times) coincide very well with the H-alpha times reported in Solar- 
Geoptysical Data, but there can be a considerable variation in the magnitudes 
of X-ray events corresponding to a given H-alpha class, particularly sub- 
flarea. For example, a class -N subflare reported by three observatories 
at 18S0 UT on September 11 produced more than a hundred- fold enhancement 
in the 2-15 keV X-ray intensity, whereas seme other events in this class 
cause scarcely a ripple. 

In relating MXRH observations to terrestrial effects, it should be 
noted that for an average solar active region producing a count rate R 
(cps) in the Vertical Large detector, the 1-8 8 \-ray energy flux (I) it 
creates at the top of the earth's atmosphere As given approximately by: 


I 


1-8 8 



* 0 - 75 


w/m 2 


Individual regions, with distinctive spectral characteristics, deviate 
from this empirical relationship by factors on the order of 2 or 3. 

B. Identification of Behind the Limb Burst s 

Since for the bulk of its disk passage McMath 14943 was the deminant 
solar X-ray source, the data provided in Figure 1 are largely redundant 
with those provided by full-disk X-ray monitors, such as the ones on NCAA's 
SMS and GOES satellites. The MXRH is particularly useful, however, in the 
identification of behind the limb bursts. 

Figure 2 shews MXRH maps for the first and last bursts that could 
definitely be attributed to McMath 14943 (and which terminate the plot in 
Figure 1) . In each case, the approximate position of this source on the back- 
side of the sun is indicated, along with the location of the most plausible 
alternative source on the visible disk. The fact that no associated H- 
alpha activity was reported in these alternate sources, together with the 
fact that the location of the observed X-ray emission on the limb coincides 
with that of a source suspended radially above McMath 14943 would seem to 
confirm our identification, although a considerable height is implied. At 
the time of the September 7th burst, the center of McMath 14943 is 21° 
behind the limb, requiring that the detected X-ray emission canes fran 
heights on the order of 50,000 km or more above the photosphere. For the 
September 24th event, the region is 27° behind the limb, giving heights of 
at least 82,000 km. 

5. MXRH DATA FOR THE FLARE OF NOVEMBER 22, 1977 

The light curve of McMath 15031 on the day of November 22, 1977, 
the main feature of which is a beautiful 2B flare around mid-day, is 
shown in Figure 3. Again the Vertical Collimator system was chosen, with 
Small Flare data (which appear at intensities of greater than 15,000 cps) 
being shifted by a factor of 15. 
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The flare is a classic, both in X-rays and in hydrogen light, a 
sequence of which is shown in Figure 4. The timing of the first enhancement 
in H-alpha at 1946 ITT coincides quite precisely with the onset of the X-ray 
burst. The flash phase appears to be simultaneous with the disruption of 
a small filament along the neutral line, the brightening occur ing primarily 
in two discrete ribbons situated over the opposite polarity plages, and 
lighting up in different places so as to produce an apparent spreading at 
about 10 km/sec during the first hour. In X-rays, the initial cooling is 
exponential, with a time constant, of 29 minutes. 

6. sumrar 

The present report is intended to summarize MXFH data for McMath 14943 
and for the flare of November 22, 1977. More detailed information for 
selected times, including high resolution light curves, temperature and 
emission measure profiles and X-ray maps can be supplied on request. 
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Appendix K 




DOES THE EMISSION MEASURE DECREASE 
DURING THE START OF A SOFT X-RAY FLARE? 

(Research Sole) 


*?. J. WOlFSON. L w ACTON, and D W DATLOWE 
Lockheed Palo Alio Research Laboratory. J SSI Honor* r Street. Palo Alto. Calif 04.104. U S A 


(Received 24 May. 197S) 

A hatred. Soft X-r«> Aire obwrvattont. interpreted at the emittion from a tingle temperature platma. 
frequently indicate a significant decreate in the inferred emotion measure It it tho»n that this ehect 
results naturalK from the isothermal assumption, and is eliminated %hen the preflare contribution to the 
total emission it removed 


The purpose of this note is to point out a straightforward explanation for a flare 
observation which might otherwise suggest complicated models. The observation is 
that, when the soft X-ray spectra of the emitting plasma is analyzed in terms of a 
single temperature and emission measure (J V; d V). the emission measure shows a 
significant decrease during the initial flare rise Such an effect was recently noted in 
the data of the Columbia OSO-8 Crystal Spectrometer which was presented at the 
OSO-8 Workshop (Figu-e 5 of Parkinson ft al > 1977); and possible mechanisms 
which might reduce the emission measure, either by collapsing the volume or 
decreasing the density, were discussed. 

Another example of this effect is seen in Figure 1 where soft X-ray data, obtained 
with the Lockheed Mapping X-Ray Heliomcter (MXRH) on NASA's OSO-8 
spacecraft, are presented. Figu r c la shows the X-ray intensity from McMath region 
1 4 1 79 for a period which includes a modest (optical importance - F) flare. Figures l b 
and lc show the effective’ (isothermal) temperature and emission measure for the 
emitting plasma. The inferred emission measure decreased an order of magnitude by 
18:39 UT. The plasma parameters were determined, on a best fit basis, by folding 
theoretical X-ray spectra through the instrument response The spectra were 
computed using an updated version of the code developed by Tucker and Koren 
(1971) for the emission from a low density, high temperature plasma. 

The MXRH instrument which obtained thesfc data is sensitive to X-rays with 
energies from l 5-15 keV'. Proportional counter detectors with 14 channel pulse 
height analyzers are used to obtain spectral information, superior to that available 
from ionization chambers and filter systems. The MXRH has an angular resolution of 
about 2 arc min and can therefore isolate single active regions, as opposed to viewing 
the entire disk, but cannot see spatial detail within an active region. A more complete 
description of MXRH observations may be found in Wo If son ft al (1^77). instru- 
mental details are given by Wolfson ft al. (1975). Figure 1 demonstrates that the 


&r/ur Ph\ iu*i (l^H) 373-37 fi All Rifhn RtstntJ 

£ t'J ,, 8 b D RnJfl Company. Dordrtchi. HolLtfut 

103 


yr. 



ico mo imo in> iwo 

UNIVfISAl TIMf 


Fig. I Soft X-ra y bunt ir. McMath region 14170 on April 30. 1076 The \-rav intensity at each 20% 
\napshot is shown in part (a) Paru (b) and (c) display the temperature and emission measure (EM) that are 
inferred when the data in part (a) arc anal wed as the emission from an isothermal plasma Parts (c)and (d) 
display the temperature and emission measure which result when the data indicated as pre-hare' are 
subtracted from t.ie total data prior to the single temperature analysis The parameten are only show n for 
the period when this net differer t is statistically adequate for analysis 
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MXRH has adequate sensitivity to parameterize the emission fmm a non-flaring 
active region. Instruments with sensitivity insufficient to detect emission from a 
non-flaring active region will not observe the effect we are discussing, 
u Tt;r t.-rmri * ■ ^ We suggest that the apparent emission measure dip is an artifact caused by not 

removing the emission from the stable active region prior to analyzing the flare. The 
flare initially adds a small amount of hot plasma to the existing larger amount of cool 
plasma, i.e. the high temperature plasma contains only a small fraction of the total 
* emission measure. When one obtains an effective temperature and emission measure 

for the total plasma, the results are weighteu averages of the two contributions. The 
weighting reflects both the temperature dependence of the solar emissivity and the 
energy sensitivity of the instrument. In the region of temperatures (2-20 a 10 6 K) 
and energies (1-15 keV) with which we arc concerned, a factor of two increase in 
, temperature increases the measured signal by more than an order of magnitude. 
Thus, a small amount of hot flare plasma will dominate the totai emission; the 
calculated, isothermal plasma parameters will trend towards those of the hot flare 
plasma, and a decrease in emission measure will be inferred. A similar effect will 
result from analysis which use the line ratio technique to determine an effective 
- — - temperature since X-ray line emission, like the continuum, is much more sensitive to 

a variation in temperature than in emission measure. 

The data of Figure l illustrates the situation just described. Assume that the 
average emission from 18:20 to 18:30UT is representative of the stable active 
region throughout the flare. When this is subtracted from the total emission and the 
difference is analyzed, one obtains the effective temperature and emission measure 
shown in Figures Id and le The emission measure.of the flare plasma is now seen to 
i-n-itmWi * r ri$e monotonically and then level off. The statistics become too poor to observe an 

eventual decrease. 

We can make two additional arguments in favor of the picture of the flare 
phenomena as a flare plus a stable active region plasma rather than a contracting 
plasma or one of decreasing density: 

(1) The observed data fits the model of a stable plasma plus a hare plasma better 
than it does the model of a single plasma. The Chi Square Statistic. 
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where D, and F, are respectively the observed and expected counts in the ith pulse 
height analyzer channel and erf is the statistical variance, typically decreases by more 
than a factor of 2. 

(2) The plasma parameters in the post flare condition are indistinguishable from 
those during the preflarc. This suggests, although it does not prove, that a portion of 
the emission came from an area of non-flaring plasma throughout the event The 
observation that the flare appears to have made no significant change in the non-flare 
X-ray emission from the active region corona is not suprising in view of the general 
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lack of active region spatial restructuring reported for Skylab soft X-ray observations 
(Vaiana et al. t 1976), and the lack of photospheric magnetic field reconfiguration 
typically observed on ground based magnetograms (Rust, 1976 ). 
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ABSTRACT 

The 1.9 A feature, observed in the X-ray spectra of three solar flares with the Columbia 
University and Lockheed Palo Alto Research Laboratory spectrometers on the OSO 8 satellite, 
k shown to be due to a blend of 1 s-2p transitions in a range of Fe ions. In the temperature range 
9-16 x 10* K, the feature has a mean wavelength of 1.900 ± 0.009 A and is 0.04 A wider than 
a single line, indicating that the main contributors are Fe xix-Fe xxn. Most of the emission 
originates from the dielectronic recombination process, and when inner-shell excitation is in- 
cluded together with normal collisional excitation, the observed intensity of the feature can be 
accounted for adequately. For these events, if the electron density is below approximately 10 ia 
cm' 3 , delations from ionization equilibrium will be significant for ions more highly ionized 
than Fe xxi. 

Subject headings: atomic processes — line identifications — Sun: flares — Sun: spectra — 

Sun: X-rays — X-rays: spectra 


L INTRODUCTION 

Solar X-ray spectrometers have consistently re- 
ported a feature appearing at approximately 1.9 A 
during active times. First reported by Fritz et ai 
(1967), the feature has been studied both with Bragg 
crystal spectrometers (e.g., Neupert and Swartz 1970; 
Doschek et al. 1971; Grineva et ai 1973) and with 
proportional counter spectrometers (e.g., Culhane 
and Phillips 1970; Acton, Catura, and Roethig 1977). 
The majority of these observations were made around 
the peak'i of large events when electron temperatures 
exceeded 15-20 x 10* K, so most of the above authors 
attributed the bulk of the 1.9 A feature to transitions 
in Fe xxiv and Fe xxv. For temperatures in the range 
20-50 x 10* K, Bhalla, Gabriel, and Presnyakov 
(1975, hereafter BGP) have accounted for the intensi- 
ties of the lines in the high-resolution observations of 
Grineva et ai (1973) by including both dielectronic 
recombination and inner-shell satellite lines in Fe 
xxiv in addition to the helium-like Fe xxv lines. 

At temperatures around 10 x 10* K, less than 2V 0 
of Fe is stripped as high as Fe xxv, so it appears that 
the transitions invoked at higher temperatures are 
unlikely to contribute significantly in this lower tem- 
perature regime. This was confirmed by Acton, 
Catura, and Roethig (1977), who found the 1.9 A 
feature to be one to two orders of magnitude stronger 


than predicted for Fe xxv plus Fe xxiv satellite lines 
around 10 x 10* K.. However, the wavelength of 
approximately 1.9 A, is strongly suggestive of lr-2p 
transitions in Fe ions, and Acton, Catura, and Roethig 
(1977) claimed that by including inner-shell ionization 
and excitation in ions below Fe xxiv, the remaining 
discrepancy could be removed. Mens, Cowan, and 
Magee (1976, hereafter MCM) have made detailed 
predictions of the spectrum around 1.9 A as a func- 
tion of temperature and have included dielectronic 
recombination and inner-shell excitation in ions 
below Fe xxiv in addition to the above-mentioned 
processes in Fe xxv and Fe xxiv. 

In this paper we report observations of the intensity 
and wavelength of the 1.9 A feature made with two 
solar spectrometers on board the OSO 8 satellite. We 
show that, for temperatures around 10 x 10* K, the 
1.9 A feature arises from \s-lp transitions, princi- 
pally in Fe xix-Fe xxn, and we demonstrate the 
generally good agreement for the intensity of the 
feature with the calculations of MCM. 

II. instrumentation 

The observations presented in this paper were ob- 
tained from two spectrometers on board the OSO 8 
satellite, namely, the graphite crystal spectrometer of 
the Columbia Astrophysics Laboratory and the 
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TABLE 1 

CHAitACTViurncs or thi Ewnt* Uho in Thu Study 




Evint Nummr 


I TIM 

1 

2 

3 

Date of obtervation 

Time of peaic X-ray flux (UT) 

Position on Sun 

Classification of optical event 

Mean wavelength for feature (A) 

1976 April 29 

-N 

1.902 ± 0.009 

1976 April 30 
18M0- 
S08*W46* 
-F 

1.899 ± 0.006 

1977 Sept 10 
03M8- 
N08*E73* 
IN 

1.900 ± 0.010 


mapping X-ray heliometer of the Lockheed Palo Aito 
Research Laboratory. Both instruments are located in 
the rotating wheel section of the spacecraft and view 
the Sun once a revolution, nominally 10 s. 

In the Columbia spectrometer, the uncollimated 
crystals are fixed relative to the wheel, and a scan in 
Bragg angle corresponding to 1. 5-6.7 A is achieved 
by the wheel rotation, the plane of dispersion being 
perpendicular to the spin axis. At 1.9 A the spectral 
resolving power is given by A/<fA £ 24. As this instru- 
ment views the whole Sun, at any time it will integrate 
the emission from all the visible active regions; how- 
ever, flare observations are compromised only on the 
rare occasions when there are two simultaneous events 
on the Sun. The Lockheed spectrometer has 14 chan- 
nel pulse-height analyzers, connected to proportional 
counters working between 1.5-15 keV, and has an 
angular resolution of 2\ Both instruments provide 
measurements of the continuum temperature (T f ) 
and emission measure (W # a F) as well as the flux in 
the 1.9 A feature. The Columbia spectrometer is able 
to measure the wavelength of the 1.9 A feature in 
addition to observing more than 20 other lines. 

Further details of the Columbia instrument are 
given by Kestenbaum et al. (1976); early results can 
be found in Parkinson et al. (1978). The Lockheed 
instrument is described in detail by Wolfson, Acton, 
and Gilbreth (1975), and typical observations are 
given by Wolfson et al. (1977). 

HI. OBSERVATIONS 

We report X-ray observations of three solar flares 
and list relevant details in Table 1. These event: were 
chosen for study because they were observed without 
interruption by both instruments simultaneously, and 
observations of the active regions in which they 
occurred were available just prior to the commence- 
ment of each event. In addition, the continuum tem- 
peratures around the time of the peak 1.9 A flux 
covered a wide range, from 9 to 16 x 10* K. 

Parts of two graphite crystal spectra, showing the 
1.9 A feature in the 1976 April 30 event, are presented 
in Figure 1. In fitting a thermal continuum to each 
complete spectrum, we have followed the suggestion 
of Wolfson. Acton, and Datlowe (1978) and have 
first evaluated the temperature and emission measure 
of the active region in which each event occurred. We 
then fitted an isothermal continuum to the difference 


between this active region contribution and each flare 
spectrum using the empirical continuum expression 
of Cuihane and Acton (1970). The fitting was made 
to 104 bins, out of the total of 512 wavelength bins, 
spread throughout the spectrum and chosen so as to 
be free from line emission. Triangular line profiles 
were then fitted to the strong lines in order to deter- 
mine their wavelengths and intensities (Parkinson 
et al. 1978). The wavelengths were then corrected for 
the position of the event on the solar disk. For the 
81 independent observations of the wavelength of 
the 1.9 A feature presented in this paper, we find a 
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Fio. 1.— Sections of two graphite crystal spectra of the 
1976 April 30 event. The lower trace was obtained between 
19:08:23 and 19:08:44 UT; the best-fitting continuum to the 
whole spectrum has T 4 « 1 5.3 x 10* K and NfV - 7.6 x 
10* T cm‘*. The upper trace was obtained between 19:11:49 
and 19:12:10 U k\ The continuum parameters are f, - 
16.3 x 10* K. and S % 'V - 2.6 x 10 44 cm" J . 
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mean centroid wavelength of 1.900 A with a standard 
deviation of 0.009 A. No observations fell outside the 
wavelength range of 1.882-1.925 A. No significant 
trend was found within the range cf temperatures 
considered. Systematic errors such as those due to 
uncertainties in the measurement of the absolute 
spacecraft angles are estimated to be less than 0?05, 
or 0.006 A. The best-fitting triangular profile was 
found to have a full width at half-maximum (FWHM) 
of 0?8, or 0.09 A, whereas a single line would be 
expected to have a FWHM of 0.7, or 0.08 A. At 
1.9 A this excess width corresponds to a line broadened 
by approximately 0.04 A. 

The Lockheed observations have been analyzed in 
a similar way: the preflare signal was subtracted from 
each spectrum, and then the best-fitting isothermal 
temperature, emission measure, and 1.9 A flux were 
determined simultaneously. Again, the empirical ex- 
pression of Culhane and Acton (1970) was used for 
the continuum together with an allowance for line 
emission at wavelengths greater than 3 A. 

The parameters derived for the 1976 April 30 event 
for the two spectrometers are compared in Figure 2. 
It is apparent that the Lockheed temperatures are 
always approximately 2 x 10* K. lower than the 
Columbia temperatures and that the Lockheed emis- 
sion measures compensate for this difference by being 
approximately a factor of 3 higher than the Columbia 
values. It is not clear why there should be such differ- 
ences as both instruments obtain most of their data 
in the same energy range, 2-8 keV, and both sets of 
observations are fitted with the same continuum ex- 
pression. However, we tend to prefer the parameters 
derived from the Columbia observations because the 
continuum data are not contaminated by line emis- 
sion. It is pleasing, however, to note that the 1.9 A 
line intensities agree so well, which indicates that the 
sensitivity calibrations of the two instruments around 
6 keV are in good agreement. 

The 1.9 A fluxes per unit emission measure are 
plotted against temperature in Figure 3, with different 
symbols for each of the three events listed in Table 1. 
Although the temperature ranges for each of these 
events do not overlap, the observations delineate a 
well-defined temperature dependence. 

IV. INTERPRETATION 

At temperatures between 5 and 20 x 10* K, Fe 
exists in a range of ionization stages; for example, at 
10 x 10* K. all of the ionization stages between Fe 
xvu and Fe xxv have fractional abundances above 
5:1%. Thus, if any particular electron transition is 
studied, then that transition in a wide range of ioniza- 
tion stages must be included. For the temperature 
regime considered here, \s-2p transitions in all Fe 
ions between Fe xvu and Fe xxv must be taken into 
account. The resulting spectral feature will ha\e 
components due to each ionization stage, which, 
unfortunately, are not resolved by the graphite crystal 
spectrometer. 

The most extensive set of calculations for lj-2p 



Fio. 3.— The observed intensity of the 1.9 A feature com- 
pared with the intensity predicted assuming the plasma is in 
thermal equilibrium (MCM). Plus signs, Columbia observa- 
tions of the 1976 April 29 event; crosses, of the 1976 April 30 
event; circles . of the 1977 September 10 event; squares, Lock- 
heed observations of the 1976 April 30 event. Curve 1 is 
collisional excitation in Fe xxrv and below; curve 2, colli- 
sional excitation in Fe xxv; curve 3. dielectronic recombina- 
tion in Fe xx *v and below; and curve 4, total intensity of all 
the contributi >ns to the 1 .9 A feature. 


transitions in Fc have been made by MCM. They 
found the two most important processes to be; (I) 
collisional excitation from the 1 j to the Ip shell or 
higher, followed by the radiative decay of a 2 p elec- 
tron; and (2) dielectronic recombination, where a 1 s 
electron is collisionally excited to the 2p shell, or 
higher, the colliding electron is captured in an unfilled 
orbital, and a 2 p electron radiatively decays. For both 
of these processes, MCM calculated the wavelengths 
and intensities of the line that would be expected from 
Ij- 2/> transitions in Fe xvm-Fe xxvi for a laboratory 
iron-seeded hydrogen plasma. Hill et ai (1978) sub- 
sequently found that the intensities of the features 
that they observed in the Princeton Large Torus 
agreed with the MCM calculations to within a factor 
of 2. 
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The calculations of MCM can be directly compared 
with the present work by changing the abundance of 
Fe to the coronal value of Nr* - 4.7 x 10 N n 
found by Withbroe (1971). We have also assumed that 
the reduction of the electron density by two to four 
orders of magnitude from the value N f - I0 l4 cm“ 3 
would not significantly affect the dielectronic re- 
combination rate (Summers 1978). 

For coronal conditions, we have evaluated three 
contributions to the intensity of the 1.9 A feature: 

1. A \s-y> inner-shell contribution in Fe xvm- 
Fe xxrv. This was obtained by subtracting the Fe xxv 
and Fe xxvi collisionally excited \s-2p transition 
rates from the sum of the individual collision rates for 
all applicable Fe ions included by MCM. 

2. An Fe xxv helium-like resonance (l l S-2 l P), 
intersystem (l l S-2 3 P), and forbidden (l l S-2 3 5) con- 
tribution. The Fe xxv resonance line intensity was 
estimated in (1), and, according to Gabriel (1972), the 
total intensity of these three lines is 1.7 times the 
intensity of the resonance line. 

3. A dielectronic recombination contribution. Here 
we have simply scaled the results of MCM. 

The temperature dependence of these three com- 
ponents is shown in Figure 3. Over the temperature 
range 9-16 x 10 6 K, the largest contribution always 
arises from dielectronic recombination, and above 
13 x 10* K. the Fe xxv helium-like triplet intensity 
exceeds that due to inner-shell collisional excitation. 
When the r, im of these contributions is compared with 
the Colur oia observations, there is excellent agreement 
above aoout 12 x 10* K. At 9 x 10* K the flux 
measured by the Columbia spectrometer is twice the 
calculated flux: here the Lockheed values are 3 times 
the calculated flux. 


v. DISCUSSION 

In § III, the mean wavelength of the emission 
centroid was found to be 1.900 ± 0.009 A and ap- 
peared to be some 0.04 A wider than would be expec- 
ted for a single line. In the wavelength range 1.88- 
1.92 A, the principal contributions will be from the 
ions Fe xix-Fe xxn. In § III it was also shown that 
there were no significant variations with temperature 
in the range 9-16 x 10* K. However, the MCM 
(1976) calculations predict a centroid wavelength 
close to 1.900 A at a temperature of 9 x 10* K. with 
an approximately linear decrease in wavelength to 
1.865 A at 15 x 10* K, after which there is a slower 
decrease to 1.850 A at 23 x 10* K.. Hence, for the 
temperature range over which we have made observa- 
tions, we would have expected to see a change from 
1.900 A to 1.860 A if the plasma were in ionization 
equilibrium. 

Apart from MCM. the only other authors who have 
calculated dielectronic recombination and inner- 
shell rates for \s-2p transitions were BGP, who 
examined Fe xxiv. For the dielectronic recombination 
process, the BGP rates are always higher than the 
MCM values; the difference increases from a factor 
of 1.4 at 12.5 x 10* K. to a factor *>f 2 higher at both 
11 x 10* K. and 15 x 10* K. Ia contrast, the inner- 


shell rates are always close to 0.8 of the MCM values. 
When these two factors are combined appropriately, 
the two sets of calculations for the total Fe xxiv 
intensity agree to within a factor of 2 between 10 aid 
17 x 10* K.. Such differences are within the accuracy 
of the MCM calculations, as they state that the di- 
electronic recombination rates that they have used 
may be in error by a factor of 2 and the collisional 
excitation rates by as much as an order of magnitude. 

Up to this point we have assumed that 'he ph la 
we are observing is always in thermal equilibrium with 
both the free electron velocities anc the bound-elec- 
tron occupation numbers described by a single tem- 
perature. However, for the events considered in this 
paper, if the electron density N, < I0 ia electrons cm " 3 , 
stages more highly ionized than Fe xxi will not reach 
equilibrium in a time less than the to«.V duration of the 
event itself (Kafatos and Tucker 1972: Shapiro and 
Moore 1977). Because lower ions reach equilibrium 
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Fio. 4. — Time sequence of two of the events shown in 
Fig. 3. Upper panel , 1976 Apnl 29; lower panel , 1977 Septem- 
ber 10. 
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more rapidly than highe; ions during the rising por- 
tions of an event, lower Fe ionization stages will be 
radiating more than would be expected from the value 
of the electron temperature if the plasma were in 
ionization equilibrium. This me^ns that the centroid 
of the observed feature would be at a longer wave- 
length, corresponding to a plasma that is under- 
ionized. It appears therefore that deviations from 
ionization equilibrium may explain the apparent lack 
of dependence of the wavelength of the Teature on 
temperature. 

In the previous section we showed that most of the 
1.9 A emission originated from the dielectronic re- 
combination process. As a consequence, the intensity 
of the feature will be only slightly affected by devia- 
tions from ionization equilibrium. In Figure 3 we 
chose not to indicate the time sequence of each set of 
observations for reasons of clarity. However, for all 
the events in which we have studied the 1.9 A feature, 
a definite time structure emerges, and Figure 4 shows 
the Columbia observations of the 1976 April 29 and 
1977 September 10 events in more detail. It appears 
that at any particular temperature, the intensity of the 
1.9 A feature is marginally stronger in the rising por- 
tion of the event than in tl % falling portion. We inter- 
pret this as supporting evi *nce for the flaring plasma 
not being in ionization er ilibrium. 

Finally, we draw attention to a weak feature ob- 
served at 1.64 + 0.01 A, which is barely visible in 
Figure 1. As this feature lies on the long wavelength 
side of the Ni xxvu helium-like transitions, we identify 
the feature with \s-2p transitions in a range of Ni 
ions, exactly analogous to those in Fe that we have 
discussed above. The ratios of the two features will 
be principally dependent on the relative abundances 
of Fe and Ni. The observed flux ratio, Fe:Ni - 11 ± 2, 


is in good agreement with measured relative abun- 
dances of Fe: Ni which are in the rarge 10-17 (Parkin- 
son 1977, and references therein). 


VI. CONCLUSION? 

We have investigated the feat**/? at 1.9 A which is 
observed in X-ray spectra of solar flares and have 
found that it is due to a blend of lx-2p transitions in 
a range of Fe ions. The mean wavelength of 1.900 ± 
0.009 A and excess width of 0.04 A indicate that the 
main contributions are from Fe xix-Fe xxn for tem- 
peratures between 9 and 16 x 10* 1C. The bulk of the 
emission arises from the dielectronic recombination 
process, and when inner-shell excitation is included 
together with normal collisional excitation, the ob- 
served intensity of the feature can be accounted for 
adequately. If the electron density Af, < 10 ia elec- 
trons cm' 3 , then deviations from ionization equi- 
librium may account for the absence of any change 
in the feature wavelength with temperature. 
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PREDICTION OF SOLAR X-RAY FLUXES BASED ON SUNSPOT STRUCTURE 

J. M. Mosher 

Lockheed Palo Alto Research Laboratory 
Palo Alto, California 94304 

A comparison is made between the sunspoc structure and the 
slowly-varying x-ray output from individual solar active regions. 

Using data from the Lockheed Mapping X-Ray Heliometer experiment 
on OS 0-8, it is found that the 1-8 £ x-ray intensity is approxi- 
mately proportional to either sunspot area or count. If the pro- 
duct of these two parameters is used, the correlation improves and 
two-thirds of all regions lie within a factor of two of the average 
trend. An additional cla s of sources producing x-ray fluxes up to 
about 10“' W/m^ is associated with spot-free regions. 

1. Introduction 

Monitoring the flux of soft x-rays incident on the earth’s atmosphere has 
been an important scientific objective of experiments on rockets and satellites 
for more than twenty-five years. As a result of the research which has beer, 
done, it is now well appreciated that nearly all of this radiation comes from 
solar active regions, but relatively little attention seems to have beer, direc- 
ted towards the problem of defining or attempting to predict the typical level 
of emission from an individual region. Because of the limitations of most 
earlier instruments, what interest has been expressed has focussed primarily 
on the comparison of full disk fluxes with total spot areas (Michard and Ribes, 
1968) or Zurich sunspot numbers (Teske, 1969; Parkinson and Pound r , 1971). 

In the present study, two and one half years of data from the Lockheed x-ray 
experiment on OSO-8 are examined in an attempt to determine within what limits 
the x-ray flux from an individual active region can be anticipated on the 
basis of the underlying sunspot structure. 

2. X-ray Data 

This study is based on results generated during the quick-look analysis 
of data from the Lockheed Mapping X-Ray Helioneter (MXRH) experiment onboard 
OSO-8. Tie MXRH, which is capable of assigning individual intensities tc 
each of several solar active regions approximately once every 4C seconds, has 
been described in detail by Wolfson e£ £l . (1975; 19“*7). 

As a part of the quick-look analysis, a map is constructed showing the 
•typical* appearance of the x-ray sun for each day. Since the x-ray fluxes 
are highly variable, the decision as to what constitutes 'typical*, based on 
the examination of about four hours worth of solar data, is obviously rather 
arbitrary; yet, avoiding obvious flare peaks as much as pousible, the ofc:ec- 
tive has been to choose an interval of five to ten minutes which seems repre- 
sentative of the available sample — that is, neither the quietest nor the 
most active time. 

The intensities of the sources on the daily map are then evaluated m 
counts per second summed over the spectral range of the detectors, which is 
nominally 1. 5-15 keV. Data from as many as three independent detector systems 
may be used in making the intensity evaluation. For the purposes of the 


115 


present paper, these intensities have been converted into estimated 1-8 £ 
energy fluxes (the standard wavelength range used by the SMS/GOES and SOLRAD 
monitor satellites) using an empirical power law relationship which incorpor- 
ates the observed average dependence of temperature (spectral hardness) on 
intensity; which, in this spectral range, varies from 2-3x10^ °K for the weak- 
est sources to 6-7x10^ °K for the strongest. Note that 1 W/m^ at earth repre- 
sents an output of 2.82xl0 30 ergs/sec from the region. 

3. Analysis 

The relationship between 1-8 2 x-ray intensity I (as determined from MXRK 
counts/second) and sunspot structure has been investigated by comparing the 
daily MXRK quick-look maps with the sunspot information published in Solar-Geo - 
physical Data ( Prompt Reports ) , the specific section used being the tabulation 
giving the daily sunspot are^, A (the sum of umbral and penumbral areas in 
millionths of a hemisphere), and sunspot count, C, for each McMath Region. 

Data examined cover the period July, 1975 through December, 1977. However, 
not every region was considered. In particular, since sunspot reports are not 
considered reliable for regions too nea* the limb, a comparison was made only 
if the source was within about 0.5 Rq of disk center, and in addition, only 
those x-ray values were used which could be independently evaluated by at least 
two of the three detector systems. 

Although by its nature, the MXRK is limited, at any one moment, to evalu- 
ating the signal from the strongest sources present on the sun, special atten- 
tion was giver, to trying to form an accurate impression regarding the associa- 
tion of x-rays with sunspots for weak sources. Numerous examples were found 
in which a decayed active region continued to emit detectable x-rays even after 
the visible sunspot structure had disappeared. On the other hand, no example 
could be found of a region with reported spot structure failing to produce at 
least some x-ray signal, although in a few cases the observed 1-8 k flux was as 
low as a few times 10"^ W/m^ . 

4. Predictions 

The primary purpose of this paper is to present in a quantitative fashion 
the observed relation between soft x-ray flux and sunspot structure for indi- 
vidual solar active regions, and not to advocate a particular theory of x-ray 
production. It is easy to appreciate that nearly any theory will predict an 
increase in x-ray intensity with spot count and area, since the count is pre- 
sumably a measure of the number of coronal flux tubes, and the area a measure 
of the ccronal volume. In addition, it is easy to see that if the relation of 
x-ray flux to either of these parameters separately is imperfect (as it is) , 
then its relation to some simple combination of them (such as their product) 
should be better. That is, of all the regions with a given value of area, the 
ones with the greatest complexity (i.e., count) would be expected intuitively 
to be the most x-ray productive; and, conversely, of all the regions with a 
given count, the ones with the greatest available magnetic energy (i.e., area) 
would seem likely to be the strongest in x-rays. In other words f one expects 
to find less scatter when the x-ray prediction is based on, for example, the 
product AxC than when it is based on either A or C separately. 

In comparing the present results to theory, two notes of caution should be 
raised. First, as previously stated, the average x-ray temperature of regions 
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in the bandpass viewed by our detectors increases systematically with intensity. 
Hence, since the spectrum flattens, a proportionality which applies at 8 R can- 
not be expected to apply precisely at any other wavelength, either higher or 
lower. Second, the plots shown are for the 'typical* daily x-ray levels. Dur- 
ing flares, the intensity from a region can briefly rise to values orders of 
magnitude above tnis baseline, and hence the numbers reported may reflect only 
a tir.y fraction of the integrated daily x-ray output from the region. 

5. Results 

The results o* this first-order investigation of the relation between soft 
x-ray intensity, X, and sunspot structure are illustrated in Figures 1 and 2. 
When plotted against sunspot area, A, or count, C (Figure 1), or against the 
product of the two (Figure 2), a fairly clear correlation is seen, accompanied 
by a large amount of scatter. 

On each of the graphs, a pair of lines has been drawn representing the 
range requied to encompass two-thirds of tlw* points with non-zero sunspot par- 
ameters. These lines have been drawn at a slope representing the average trend 



io io 2 io 3 i :o io 2 

SUNSPOT AREA SUNSPOT COUNT 


Fig. 1. Scatter plot of I vs A and C for all regions with non-zero spot par- 
ameters. Intensity is the 1-8 A x-ray flux in units of W/m 2 at earth. Areas 
are measured in millionths of a solar hemisphere. 3etween the 10" 8 and 5xl0 -8 
W/m 2 levels there are an additional 40 x-ray sources for which the spot arna 
and count are zero. 
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(SUNSPOT AREA) x (SUNSPOT COUNT) 

Fig. 2. Scatter plot of I vs. AxC with same fomat as Fig. 1. In a few in- 
stances a single McMath region contained more than one sunspot group. In these 
cases an average vis made between the values of Ax C obtained usin<- separate and 
combined parameters . 


of the data as determined by eye. The trends used were: 



I 

- 1.34xl0" 9 

A 0 - 64 w / m 2 

(1) 


I 

- 8.33xl0' 9 

C 0 * 96 W/m*"" 

(2) 

and 

I 

- 2 . 57xl0~ 9 

(AxC) 0 * 47 W/nT* 

(3) 


The difference in the thickness of the lc scatter bands (which depends some- 
what on the choice of slope) is not significantly different when the x-ray data 
are plotted against area, as opposed to count: a factor of ±2.45 in the for- 

mer case, ar.d *2.34 in the latter. The lc scatter is reduced to a factor of 
±1.9 when the product AxC is used. 
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The scatter in the plots irises from several sources: 

(a) There are random errors in the choice of a •typical* 
x-ray intensity whenever the region in question is variable 
(which is almost always) . 

(b) There are genuine variations in the temperature of regions 
at any given level of intensity, so that the conversion from counts 
per second to W/m 2 cannot be uniformly accurate for all regions. 

(c) There are random errors of unknown magnitude in the reported 
values of A and C. 

(d) There is undoubtedly an intrinsic scatter in the true rela- 
tionship between I and A or C or AxC . 

The precise amount of the total scatter due to the last source is not entirely 
clear since we do not have accurate estimates of the contributions due to the 
other three, but the next section will indicate that at least some of the 
deviations from the average trend are real. 

To within the accuracy of the present data, it would be fair to say that 
for regions with reported sunspot structure, the 1-8 A x-ray flux is observed 
to be proportional to either the sunspot area or count separately, or alter- 
natively, and with somewhat less scatter, to the square root of the product of 
area times count. 

6. Exceptional Regions 

It seems useful to attmept to identify the origin of points lying unusual- 
ly far either above or below the average trend. Regions with unusually high 
x-ray outputs are almost always found to have been in a flaring or seni-f larmc 
state at the time of the daily map. As an example, the highest intensity shown 
is I - 5. 3xl0~ 6 w/m 2 for McMath 14607 at 1934 UT on January 12. 1977. This 
young, growing region with A * 130 and C « 21 happened to be near a flare peak 
at the time of the map. Earlier the flux had been as low as 5xl0~ 8 W/m‘ , 
and a typical 'quiescent' value for the day, based on the full 24 hours of 
data, would be something like 1.5x10" W/m* . 

Anomalously low x-ray intensities, on the other hand, are almost always 
associated with decayed regions, which tend to be relatively stable. McMath 
14564, for example, which had A * 130 and C * 4 on December 21, 1976, had an 
x-ray output of only about 7.5x10"^ W/m 2 -- a factor of 5 to 10 lower than 
would normally be expected for a group of its sire. The pictures in Solar - 
Geophysical Data indicate an extremely simple region magnetically, consisting 
almost entirely of a single spot which is at least one, ^nd perhaps nearly 
two rotations old. 

7. X-rays from Spotless Regions 

A logical extension of the last category is the x-ray sources associated 
with totally spot-free regions. Of the weak sources which could be studied 
with 1-8 R x-ray outputs in the range lxlO" 8 to 5xl0~ 8 W/m*, nearly one-third 
were of this variety, and invariably the spotless region represented the de- 
cayed remnant of a region which had or appeared previously to have had spots 
(possibly on the backside) . The highest flux encountered in association with 
a spotless region during the course of this study was I - 1.5x10" W/m* for 
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McMath 14616 at 0800 UT on January 26, 1977. In retrospect, this unusually 
high flux was associated with a very gradual flare-like enhancement (possibly 
of the type described by Webb et al . , 1976). In the absence of this transient 
event, the region would probably have been at or near the threshold of detecta- 
bility for the MXRH. 

8. Conclusions 

A quantitative comparison of MXRH daily x-ray intensities with sunspot 
areas and counts indicates that the 1-8 & x-ray flux from individual solar 
active regions can be roughly anticipated on the basis of the underlying sun- 
spot structure. To within the accuracy of the present data, the x-ray intens- 
ity appears to be proportional to either the area or spot count considered 
separately, or, alternatively, to the square root of their product. In the 
latter case, the scatter of individual regions around the average trend is by 
a factor of about 2 . In addition to the sources which obey this proportionality 
there is a class of x-ray sources (typically with intensities below 5xlC“® 

W/m^) associated with decayed and apparently spotless regions. 

The implication of this study is that rough estimates of solar x-ray inten- 
sities incident at earth car be mad' even at times when direct measurements are 
not available simply by examining the sunspot structure. It should be noted, 
however, that the present results apply only to the slowly-varying ccnpor.«r..t 
of the x-ray signal, and that the bulk of the integrated x-ray output frer a 
region will usually be produced by flares. A separate study would be required 
to determine if the flare contribution can also be anticipated on the basis of 
sunspot structure. 
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(Received 26 Mirch: in revised form 31 May. 1979) 

Abstract. Twenty limb crossing light curves of solar active region emission in the 1-4 kcV energy band 
have been constructed from data gathered by the Lockheed Mapping X-Ray Heliometer experiment 
on OSO-8 These light curves indicate that 50% of the observed counts arise from heights below 
20 000 km and 90% from heights below 57 000 km The best fit is obtained for a model in which the 
emission density increases steadily down to the lowest observable levels, but the possibility of a small 
emission free gap at the base cannot be ruled out. On the average, the temperature of the plasma appears 
to be slightly higher at the base of a region than in its upper levels. 


1. Introduction 

Until very recently, the spatial resolution of solar X-ray telescopes has been 
insufficient to show directly the horizontal or vertical distribution of emission within 
a single solar active region. As a result, a number of indirect schemes have been used 
to estimate these functions. Of these schemes, one of the simplest is that of deducing 
the height structure from the variation of intensity with time as a region passes over 
the limb, the idea being that the change in brightness between times t and i + It can 
be attributed to the portion of the region which disappeared from view during that 
interval. 

This method was employed by Parkinson (1973) in the interpretation of the limb 
crossing of three typical solar soft X-ray sources using data from OSO-5. The 
appearance in that data of a 1 day delay between the predicted time of limb crossing 
and the actual start of X-ray occultation led to the conclusion that there was an 
emission-free gap of about 20 000 km thickness separating the base of the X-ray 
emitting plasma from the photosphere - a result which appears to be in direct conflict 
with the photographic measurements of Vaiana et al. 1 1973 » showing both average 
temperature and electron density increasing steadily down to at least 5 arc sec from 
the surface. In addition, a variation of the limb crossing technique employed by 
Catalano and Van Allen ( 1973), in which direct flare intensities were compared with 
the intensities seen by a second satellite for which the flare occurred a known distance 
behind the limb, showed that the majority of the soft X-ray plasma at flare peak is 
within (8 x 2) x 10 3 km of the photosphere, again casting doubt on the possibility of a 
20 000 km gap in the non-flaring region. 

Solar Phvsics 64 <19791 1H9-119 0038-0938/79/064 1-0109S01 65 

Copsnfht £) 1979 b\ Retdel Publishing Co.. Dordrecht , Holland, and Boston. USA 
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In the present study, data from the Lockheed Mapping X-Ray Heliometer 
experiment on OSO-8 has been analyzed in an effort to better define the average 
properties of limb crossings at X-ray wavelengths, and to reinterpret that average 
behaviour in terms of a reasonable height structure. 

2. Instrumentation 

The Lockheed Mapping X-Ray Heliometer (MXRH) on OSO-8 (Wolfson ft al., 
1975) was operated from June, 1975 through September, 1978, in a period of mainly 
moderate to low solar activity. The experiment is designed to study solar X-ray 
emissions in the energy range 1-15 keV by means of six proportional counter 
detectors viewing the Sun through three independent collimator systems. A more 
detailed description of the instrument and of the sensitivities of the various detectors 
can be found in Wolfson ft al. (1977). The limb crossing data used here are drawn 
almost exclusively from Thin Window Detector A, the most sensitive of the six 
MXRH detectors at low energies, and hence the one with the highest intrinsic count 
rates. It contains an argon-C0 2 gas mixture behind a 3 cm‘ window of 76 micron 
thick Berylium. Due to a systematic variation of average active region temperature 
with intensity, the count rates in this detector are very nearly proportional to the 
1-8 A output of the region, with lOOOOcps corresponding to about 1.6 x 
10 : ' ergs s" 1 .* The observed counts are produced almost entirely by photons in the 
range 1-4 keV. When the total Thin A count rate exceeds about 70 000cps, as 
during most flares, the experiment automatically switches to a less sensitive detector, 
and in these cases an equivalent Thin A count rate has been used in preparing the 
limb crossing light curve. 1 

Thin Window Detector A views the Sun through a one dimensional collimator 
having 1 3 useable fan beams of transmission. This provides the equivalent of a single 
2.5 arc min half-width beam sweeping the Sun once every 40 s. Data from the other 
two collimator systems are used to confirm that no other significant X-ray sourct was 
present in the swath observed by Thin A. 

Each point on the present limb crossing light curves (Figures 1 and 2) represents 
the average intensity of an orbit-long (90 min) segment of dat** The effective 
integration time is about 2 s per point. 

3. Selection of Data 

!n its years of operation, the MXRH observed the disk passage of several hundred 
significant X-ray emitting active regions. The present study is confined to 20 of the 
best examples, chosen from among sources which were cleanly resolved by Thin A. 
sufficiently strong to be potentially observable behind the limb, sufficiently steady for 
a reasonably definite unocculted intensity to be assigned, and free from the possi- 
bility of confusion by nearby but unrelated activity w hen behind the limb. An effort 

• All count rates given in this paper are totals summed over the full width of the region 
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was also made to obtain a roughly equal number of east and west limb crossings so 
that there would be no systematic bias towards growing or decaying regions. The final 
selections are listed in Table I, and a composite of the twenty limb crossing profiles, 
normalized to the intensities of the regions when on the disk, is shown in Figure 1. In 
preparing Figure 1, the east limb passages have been time-reversed so that they may 
be superimposed on the west limb ones. The two kinds of limb crossings are 
distinguished by an E or W following the McMath number in Table I. 




/ 







Fig. 1. Composite of the twenty limb crossing examples (east limb crossings time-reversed), each 
normalized to its average intensity when 1-2 days onto the disk. 


Table I, as well as identifying the regions, gives the calculated limb passage date 
for the center of the McMath plage, the maximum longitudinal extent of the region as 
measured from the magnetograms and H-alpha photographs published in Solar- 
Geophysical Data , and the average unocculted X-ray intensity (evaluated 1-2 days 
onto the disk). The gap' and scale height’ describe an exponential height dis- 
tribution of emission whose predicted limb crossing characteristics would approxi- 
mate the apparent non-flare baseline’ of the actual region 
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TABLE 1 

Twenty MXRH limb crossing selections 


McMath No. 

Limb date 

Latitude 

Maximum 

width 

Intensity 
<10 J cp») 

Exponential 

approximation 

Gap Scale height 

(lO’lcm) (10* km) 

13736W 

6- 30.0 75 

8*S 

7.4 

42.1 

10 

20 

13738W 

7-7.8 *75 

7®N 

17.6® 

8.8 

5 

20 

13750W 

7-16.6 -75 

6® N 

14.5® 

54.1 

10 

10 

13766W 

7-26.8 -75 

7* S 

22.2® 

12.7 

5 

10 

13777E 

7-20.9 -75 

8° N 

18.2® 

5.9 

10 

20 

13786E 

7-29.6 -75 

6® N 

21.2® 

34.9 

0 

10 

13790W 

8-16.3-75 

9* N 

19.2® 

120.4 

10 

10 

13826W 

9-11.8-75 

8® N 

30.4® 

34.9 

5 

40 

13832W 

9-19.0-75 

8® S 

32.0® 

3.7 

20 

10 

13892W 

10-11. 1-75 

13® S 

15.8® 

9.4 

lu 

20 

14029W 

1-25.3 -76 

12® S 

15.0® 

4.4 

0 

20 

14127W 

3-26.0 -76 

6® N 

15.0® 

K 2.0 

0 

10 

14143E 

3-24.1 -76 

8® S 

13.6® 

321.4 

5 

10 

14143W 

4-7.1 -76 

8® S 

13.6® 

17.6 

0 

10 

14161E 

4-8.1 -76 

5® N 

19.4® 

11. 1 

10 

20 

14375E 

8-18.6-76 

12® S 

18.7® 

8.4 

5 

5 

14579E 

12-24.1-76 

20® S 

17.6® 

44.2 

10 

20 

14607W 

1-19.5 -77 

28® S 

96® 

47.7 

5 

20 

14726E 

4-11.6-77 

22® S 

19.0® 

157.8 

10 

40 

14726W 

4-25.8-77 

22® S 

19.0® 

17.8 

5 

20 
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where H 0 is the scale height and H\ is the gap (see Section 4.3). These two 
parameters, together with the disk intensity, / 0 , give a fairly accurate impression of 
the appearance of the individual light curves, as is shown in Figure 2. A small scale 
height indicates that the intensity fell rapidly, whereas a large one indicates that it fell 
slowly. A gap of ‘zero’ indicates that the intensity be*an falling at or before the 
predicted limb crossing time, whereas a large gap indicates that the start of the 
occultation appeared to be delayed. 

4. Interpretation of Limb Crossing Data 

The interpretation of the limb crossing data was accomplished by searching for ‘best 
fits' between the observed intensities and those predicted for model regions. In the 
models, a family of possible height and width distributions of emission (assumed to 
be constant with time) is considered. The converse process, of attempting to go 
directly from a **. limb crossing light curve to an inferred height distribution 
(assuming only a horizontal width for the region ) is much more difficult and generally 
leads to uncertain results. 
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Fig. 2. Light curves of three indiv-dual regions illustrating a *'asi\ ‘normal’, and slow’ limb crossing. The 
smooth curves are those predicted for exponential emission distnbutions with the gap. scale height, 
latitude and longitudinal extert specified in Tcble I. 


4.1. Minimum visible height 

In making the model calculations, it is necessary to be able to evaluate the minimum 
visible height for a vertical column whose latitude and longitude correspond to a 
position behind the limb. This minimum height is piven by 


\sin 8 / 


where R? is the radius of the Sun (696 000 km plus the thickness of the occulting 
layer) and 8 is the angular distance of the base of the column from disk center, which 
is given by 

8 *cos _l (sin Bo sin A 4- cos B 0 cos A cos <t >) , (3) 

where B 0 is the tilt of the Sun’s polar axis ( - 7j° s B 0 ^ + 7i°), A is the latitude, and d> 
is the longitude measured from central meridian (see Figure 3). 

The longitude is assumed to advance at the rate given by Newton and Nunn (1951) 
for recurrent sunspots: 

<*-(13.39-2.77 sin 1 A)7\ (4) 

where T is the fractional number of days since central meridian passage. The limb 
crossing occurs when 8 * 90°. For the present purpose, the McMath calcium plage 
latitudes and central meridian passage dates listed in Solar-Geopin steal Data 
i Prompt Reports) were found to be adequate and convenient, and were used in 
evaluating the limb crossing times given in Table I. 
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Fit 3. (a) Relation of the ang' ’ r distance $ to the latitude. A. longitude. <t>, and polar tilt, B 0 - 
(b) Method of calculating H the . .mmum visible height along a radial column with 90" s 9 < 180° The 
diagram is constructed in the plane containing the source, observer, and Sun center, so that $ assumes its 
'ull value. R includes the thickness of the occulting layer, and H is measured from its top. 


Since the effect of the Sun’s polar tilt is very small, it was found that the model 
curves could be calculated assuming B 0 0. provided only that they were registered 
to a properly calculated limb crossing point in the observed data. 

The graphs shown in Figure 4, although intended for a different purpose, are 
essentially a plot of H min as a function of time behind the limb. 

4.2. Height of the occulting layer 

i 

By means of the limb crossing interpretation, the height structure is automatically 
evaluated with respect to some occulting level above which, at grazing incidence, the 
radiation is transmitted and below which it is absorbed. To estimate the heignt of this 
level for the occultation of 2 keV X-rays in the solar atmosphere, we may use the 
recent results of Fireman (1974) and Cruddace et al. (1974) which indicate a total 
absorption cross section of about 3x 10" :3 cm 2 atom" 1 , and evaluate the column 
densities along grazing paths using the chromospheric model of Allen (1973) from 
0-2000 km (above the photosphere), and the spicdar model of Beckers (1972) from 
2000-10 000 km. One finds that the column density falls from 3 x 10 :3 atoms cm' 2 
to 3 x 10 21 atoms cm" 2 between 500 and 1000 km, which would mean that the 
atmosphere goes from transparent to opaque between these levels. Hence the zero of 
our height scale for the occultation of soft X-rays will be a position about 750 km or 
1 second of arc above the pho* sphere. 

4.3. Model regions 

In the calculations, the solar active region was visualized as consisting of a series of 
horizontal slabs of 5000 km thickness and of 0 to 18° width in longitude (18° is the 
average of the maximum dimensions listed in Table I). Regions with a more 
complicated horizontal structure can be approximated by a series of zero-width 
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regions separated in longitude. Once un-occulted intensities have been assigned to 
the various slabs, the predicted intensity of the region at any time can be evaluated 
simply by calculating the fraction of each slab exposed to view. 

The horizontal sla* picture is obviously not an accurate physical representation of 
the true distribution of plasma within a region - the true distribution is presumably 
one in which the plasma is confined dosed magnet c loops - but it seems 
mathematically sufficient if the object is simply to determine the fracti n of the 
observed X-ray brightness originating in the various height intervals. That fraction 
can be thought of as resulting from some combination of the brightness and number 
of loops at each height. Our conclusions will show that the average height of the 
plasma observed by the MXRH Thin Window A detector (whici. is roughly com- 
parable to AS&E’s Skylab filter No. 5) is quite small relative to the probable 
width of the region (i.e., 20 000 km vs 100-200 000 km), implying that the 
majority of 1-4 keV X-rays come either from very low-lying loops, or from the foot- 
points of larger ones. 

The simplest family of model regions is that in which the intensity falls off 
exponentially with height, possibly with an emission-free gap at the base, but more 
arbitrary height distributions were also considered. Each variation in the model 
produces a different sort of effect in the predicted occultation curve, but in nearly all 
cases, the calculations predict that the 50% attenuation point will be a reasonably 
accurate indicator of the median X-ray height. This relationship is shown in Figure 4. 
Unfortunately, the X-ray sources are often too variable for the 50% point to be 
easily determined. The interpretation of other percentage points, such as 10% and 
90% occultation, is less obvious and depends on the detailed assumptions about the 
horizontal and vertical structure of the region. 



Fig 4 Interpretation of the 50% occultation point of model regions in terms of the median X-rav height 

at four latitudes from 0 to 30° 
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5. Interpretation of the Observed Average X-Ray Limb Crossing Profile 

In order to successfully apply the limb-crossing technique, it is necessary that the 
intrinsic brightness of the solar region be constant during the oeriod of observation. 
It is evident f rom Figures 1 and 2 that this is not true for X-ray regions, and that the 
effort to establish a 'non-flare baseline* (such as was used in determining the gap* and 
‘scale height* in Table I) can lead to quite arbitrary results. Only if a sufficiently great 
number of cases is averaged together can we hope that the assumption of constant 
brightness will be approximated. Such a numerical average of the normalized 
intensities c f the 20 regions, at intervals of 0. 1 days from 2 days preceding to 2 days 
following the date of limb passage is shown in Figure 5, together with two inter- 
pretations in terms of height structure based on the two extreme assumptions 
r yarding the horizontal width of the region: 0 and 18° (215 000 km). The true 
r erage width of the regions involved is almost certainly between these extremes. 
1 he MXRH itself generally shows the brightness in Thin A spread over a half-width 
which, after correction for instrumental response, is less than 100 000 km or 8° in 
longitude, but the X-ray source may be offset somewhat from the assumed center of 
the region. 

The model height distributions in Figure 5 were obtained by starting with the 
closest-fitting exponential (having a scale height of about 30 000 km), and then 
manipulating the brightnesses of the various 5000 km thick layers until the closest fit 



Fig 5. Numerical average of the twenty normalized limb crossing light curves and its interpreta- 
tion in terms of the fraction of the total emission arising in various 5000 km thick height intervals. 
The solid histogram >s based on the assumption of an 18* spread in longitude, whereas the dashed one 

assumes zero width. 



130 






] 



k 




X-RAY HEIGHTS FROM OSO-J 117 

to the obseived data was obtained (the smooth curve in the left half of Figure 5 ). 
These distributions indicate that 50 % of the observed counts come from below 
19-20 000 km and 90 % from below 53 000-60 000 km. An additional 750 km 
should be added to account for the thickness of the occulting layer. 

While no ether height distribution would produce a significantly better fit to the 
averaged data, there are many other possible distributions whose fit would not be 
significantly worse. In particular, even though there would seem to be no compelling 
reason for doing so, one can consider the possibility of emission-free gaps between 
the photosphere and the base of the X-ray emitting plasma in the manner 
of Parkinson ( 1973 ). When this is done, it is found that gaps of up to about 
15-20 000 km can be accommodated within the scatter of the averaged data; 
however, the gapped models seem less pleasing since the emission is forced into a 
thinner and thinner zone so as to maintain a roughly constant median height. 






6. Dependence of X-Ray Height on Age and Brightness of the Region 

Table I. as well as Figures 1 and 2, indicate that there is a considerable variety in the 
limb crossing characteristics of individual active regions. Part of the scatter undoubt- 
edly arises from errors introduced into the calculation of the limb passage date by 
using the central coordinates of the McMath plage. Such errors are probably mostly 
less than ±4°. however, which would shift the curves horizontally by only about 
±\ day. One might think that the additional scatter would be largely a reflection of 
systematic effects arising from differences in the size, age or brightness of the regions 
being considered, but this does not appear to be the case. The ‘gaps* and ‘scale 
heights* listed in Table I do not correlate systematically with either the size (and 
therefore age) nor with the unocculted brightness of the regions. We conclude that 
the apparent differences are predominantly artifacts arising from changes in the 
intrinsic brightness of the regions during the period of observation. 




7. Temperature Structure 

While the primary objective of the present study was to define the variation of soft 
X-ray intensity with time during the limb passage of a typical region, the data 
examined also contain information as to the spectral hardness of that radiation over 
the relatively narrow range of wavelengths available, and this hardness parameter is 
in turn an indication of the temperature of the plasma producing the observed 
counts. 

In each of the 20 cases, a comparison was made between the temperature observed 
in several quiet periods when the region was on the disk near the limb with that 
observed when the integrated intensity of the region had been reduced to about one 
third of its original non-flare level. The average unocculted temperature was 
(2.45 x 0.05> ^ 10* K. compared to (2.26*0.05* > 10* K for the two-thirds occulted 
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regions. While consistent with a model in which the plasma is hottest at its base, this 
difference is not very dramatic. A comparison between the relative count rates in the 
Thin Window A detector versus those in the Large Vertical detector (which is up to 
aoout 50 times more sensitive to photons above 4 keV) similarly failed to reveal any 
large temperature effect. 

The present result, if verified, should not be thoug it of as implying that individual 
magnetic loops are necessarily hotter at their footpoints than at their tops, but rather, 
only that the lower lying structures are, on the average, slightly hotter than the more 
extended ones. 




8. A Possible Explanation of Parkinson's Result 

This study of twenty MXRH limb crossings has not confirmed Parkinson’s (1973) 
conclusion from OSO-5 that the onset of soft X-ray attenuation is systematically 
delayed by 1 day from the nominal limb crossing of the corresponding photospheric 
region. While a few of the individual regions might be viewed as exhibiting this 
behavior (see Table I), the objective numerical average of Figure 5 shows a 
maximum possible delay of less than 0.5 days. 

It is suggested that this discrepancy results from Parkinson’s accidental use of a 
sidereal (instead of synodic) solar rotation rate in the calculation of his limb passage 
dates from central meridian crossing (see Parkinson, 1971). Such an error would lead 
to east limb passages occurring 0.5 days before predicted, and west limb passages 
happening 0.5 days after the predicted date. 

I 

9. Comparison With Flare Heights 

The result of Catalano and Van Allen (1973) of (8±2)x 10 3 km for the median 
height of the soft X-ray flare peak plasma is significantly below the median height of 
20 000 km derived here for the X-ray active region in general. If correct, this result 
would imply that flares affect primarily the lower X-ray loops, and that the 
importance of flares relative to non-flare background should fall off systematically 
with time behind the limb. 

The sample available here is really too small to objectively test this hypothesis. For 
example, in a typical 1 day interval of unocculted observation on the disk, the 20 
regions together produced 6 flares raising the orbital average X-ray level by 10 or 
more times above its background’ level. If one were to look during a comparable 
interval from 1 to 2 days beyond limb passage, the results of Catalano and Van Allen 
would suggest that the flare intensities should be attenuated by about 10 times, 
whereas Figure 5 indicates that the general X-ray level is down by about 5 times. 
Thus a 10 times flare should be converted into a 5 times one, and ir fact 7 times 5 
flares were found in the sample during this interval. Th:s ,s consistent with the 
suggested difference in scale heights, but 'he statistics are obviously poor. 
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10. Summary and Conclusions 

The average profile of X-ray intensity versus time for twenty regions passing behind 
the limb has been interpreted in terms of the quantity of 1-4 keV X-ray emitting 
plasma present at various heights above the photosphere. It is found that on the 
average. 50% of these counts observed by the Lockheed MXRH come from below 
20 000 km. and 90% from below 57 000 km. This result is greater than the typical 
height of origin of soft X-ray flares reported by Catalano and Van Allen (1973). but 
lower than the previously reported general X-ray heights derived by Parkinson 
(1973) from OSO-5 data. The present data, in themselves, provide no compelling 
reason for supposing that the plasma within a region is separated from the 
photosphere by an emission-free gap in the manner described by Parkinson, and 
specifically contradict the existence of gaps greater than 15-20 000 km. The limb 
crossing characteristics of individual regions appear to be dominated by intnnsic 
changes in brightness rather than by systematic variations in age, size, or brightness. 
X-ray temperature variations • v r* < \rc«Jtation are slight, with the lowest parts of 
the region appearing hottest. 
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Abstract. 127 hr o( high -resolution Ha movies of young active regions have been compared with 
simultaneous 1.5-15 keV X-ray measurements from the Mapping X-Ray Heliometer experiment on 
OSO-8, with particular attention to preftare periods and to the possibility of X-ray emission associated 
with filament activity during that time. The period studied included 8 confirmed Aares or subftares. 16 
unreported events of comparable magnitude, and numerous examples of filament activity. We found no 
evidence for X-ray emission from areas of enhanced filament activity unless simultaneous brightenings 
were present in Ha In addition. *e detected no peculiar behavior of either filaments or X-rays during the 
period of approximately 20 mm preceding these small Aares which, even in retrospect, would have allowed 
them to be ‘predicted’. 


A quantitative definition of Ha filament activity is not easy to arrive at, but in general 
it must be agreed that it is manifested by rapid fluctuations in the size and darkness of 
the filament at line center, and by fluctuating visibility and streaming motions in the 
line wings. Some forms of surge activity would be included in this definition. An 
extreme example of filament activity is the sudden disappearing filament or dispari- 
tion brusque , which when observed at the limb is seen as an eruptive event. 

Activity in dark chromospheric features is by no means universally associated with 
simultaneous activity in bright features (flares), but numerous examples can be found 
suggesting connections between the two, both in the sense of flares appearing to 
trigger activity in filaments and of filament activity appearing to trigger flares 
(Tandberg-Hanssen, 1967, and references therein). In addition, a rather intimate 
relationship has long been suggested between filament activity and X-ray emission 
(Kreplin era/., 1962; Zirin et ai, 1969). So frequent has been the reference to these 
observations that it has led by many authors (e.g., Bruzek, 1964, 1969; Kiepenheuer, 
1964; Rust, 1976; Svestka, 1976; Dodson-Prince and Bruzek, 1977) to the formu- 
lation of a more or less standard sequence of flare events in which the ‘flash* or 
‘explosive* phase (during which both optical and X-ray emission rise rapidly) is said 
to be preceded by a ‘preflare* or preflash* phase, lasting up to tens of minutes, during 
which gradually rising X-ray emission appears to be correlated with an erupting 
filament (Roy and Tang, 1975: Rust et ai , 1975), possibly, but not necessarily, 
accompanied by simultaneous faint brightenings in the chromosphere. Indeed, it has 
been suggested that for major flares, the peculiarity of the filament activity during 
this preflare period could be used as a predictive tool i Smith and Ramsey, 1964; 
Martin and Ramsey, 1972). 

While we would not dispute that such a picture, at least as regards preflare filament 
activation, *may be valid for major flares (particularly those in old regions with 
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decayed spott: Dodson and Hedeman, 1970), it has never been very clearly stated 
how many examples of major filament activity are ‘resolved* without flaring, nor to 
what extent the principles of prediction may be applied to the more common small 
flares which occur in young regions. The role of X-rays in the preflare activity is 
especially unclear. Wolfson et al. (1978) have found that for a randomly selected 
sample cf small flares with good preflare coverage it is just as common to find a 
declining X-ray flux for 20 min prior to the flash phase as to find a rising one. Further, 
in those flare events in which the temporal separation between filament activation 
and chromospheric brightening is most distinct - namely in the disparitions brusque , 
where the complete disappearance of the filament at line center may precede the first 
recognizable chromospheric brightening - the onset of X-ray emission is said to be 
delayed, and to coincide most nearly in time with the optical brightening if the 
latter is bright enough to be detected (Sheeny et al., 1975; Dodson and Hedeman, 
1976; Webb era/.. 1976). 

In the present study we have compared a considerable volume of high-resolution 
Ha observations with simultaneous spatially-resolved X-ray observations in an 
effort to form an independent opinion as to whether for ordinary flares in young 
active regions: 

(a) The observation of unusual filament and/or X<ay activity is a useful indica- 
tion of impending flares; and 

(b) presence of filament activity alone is sufficient ‘cause* for an X-ray enhance- 
ment, or if the latter is observed only when there is a simultaneous brightening in the 
chromosphere. 

The X-ray observations used here come from the Lockheed Mapping X-Ray 
Heliometer (MXRH) experiment on OSO-8. This instrument, which has been 
described by Wolfson et al. (1975, 1977), observes the Sun in the energy range 
1-15 keV with a spatial resolution of about 2.5 arc min in three one-dimensional 
systems. Under favorable circumstances, it can separate the X-ray signals from the 
several strongest active regions present on the disk, monitoring each with 10-s time 
resolution or about half of each 90-min orbit (interrupted by spacecraft night and by 
areas of unusably highly background). 

These data were compared with simultaneous high-resolution Ha filtergram 
movies provided by the Big Bear Solar Observatory. The filtergrams, which were 
taken with a 10* refractor and J to i A bandpass birefringent filters, cover a field of 
about 4x6 arc min, and are usually centered on a oung flare -productive region. 
Since there is little variation in the quality of the X-ray observations over the 3l year 
span of that experiment's operation (July. 1975-September. 1978), the procedure 
adopted was to first survey a large quantity of movies in search of interesting events 
occurring during times of good seeing. In all, guided by the observing notebooks and 
discussions, about 200 days of coverage were examined; from which the reels 
containing the highest quality images were selected for comparison with the X-ray 
data. These selections are listed in Table I. 
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In all, a total of 169 orbits, or about 1 27 hr, of simultaneous coverage are involved. 
Roughly half of the Ha data is at line center, and half at 0.6 A in the blue wing, where 
the rising preflare filament motions are supposed to be particularly evident (Smith 
and Ramsey, 1964). In addition to listing the names of the regions studied, Table I 
gives the approximate size of the associated spot group, its maximum and minimum 
1-8 A X-ray output, and the number of flare events occurring during the period of 
simultaneous coverage. ‘Confirmed’ flares refers to events listed in Solar-Geophy - 
sical Data. ‘Unconfirmed’ events are of comparable magnitude, but did not appear in 
the official flare lists. The two largest flares studied were of Importance 1 (April 30, 
1976 and February 2, 1978). All of the others are subflares. Finally, the total number 
of all X-ray fluctuations representing more than about a 50% variation in intensity 
over one orbit or less is given. 

Now the exact level of X-ray enhancement which was looked for is difficult to 
specify in quantitative terms, as is the level of filament activity with which we sought 
to correlate it. For a point source, the intrinsic sensitivity of the MXRH corresponds 
to about 3 x 10 21 ergs s’ 1 in the 1-8 A band, but for stronger sources (because :hc 
X-ray output of a region is never perfectly steady) some subjective combination of 
fluctuation amplitude and time scale - such as a 20% change in intensity over 
20 min -is obviously required before a distinct X-ray ‘event’ will be recognized. 
Similarly, when the Ha chromosphere is viewed at high spatial resolution, parti- 
cularly in off-band pictures, some degree of filament activity is almost always present. 
A second potential problem is that within the general area monitored by the X-ray 
detectors several different chromospheric events may be simultaneously in progress, 
and the assignment of a particular X-ray enhancement to any one of them is difficult. 
In any event, the problem was to see to what extent periods of enhanced filament 
activity could be convincingly related to periods of enhanced X-ray emission, ar J 
whether either of these kinds of activity appeared to happen unusually often in the 
period immediately preceding flares. 

The main impression with which we were left by tiie total quantity of film viewed 
tends to confirm the observations of Dodson and Hedeman (1976); that is, fluctua- 
tions in the X-ray output of a region appear to be closely associated with simul- 
taneous fluctuations in the intensity of bright Ha features, and very little related to 
fluctuations in dark features (such as filaments). Most potential counterexamples to 
this rule could easily be explained. When a fluctuating bright chromospheric feature 
could not be found at the time of an X-ray enhancement, the plages in the region 
involved were usually already quite bright, so that a small additional variation in 
brightness could have passed unnoticed. Similarly, when an obvious change in Ha 
brightness produced no noticeable change in the X-rays, the X-ray level was usually 
already quite high. In spite of this good general correlation, it should be noted that 
the magnitude of the X-ray fluctuation corresponding to a particular change in plage 
brightness is not perfectly predictable, as is demonstrated by the ability of repetitive 
and seemingly homologous Ha flares to produce a variety of X-ray signatures. As an 
example, one small flare in McMath 13783 on July 27. 1975 at 14 30 UT produced a 
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factor of 2 increase in the X-ray output, whereas a larger and brighter repeat of this 
event in Ha at 16:40 UT produced no noticeable effect (i.e., less than about 20% 
enhancement) in spite of a similar background level. 

The impression that fluctuating dark features within the field of view are not the 
key to the X-ray enhancements is reinforced by numerous examples in which 
filament activity was the dominant process and X-ray enhancements were not 
observed. A typical instance of this lack of association, at least at the sensitivity of the 
MXRH, would be the observations of McMath 14785 on June 1. 1977. In this case, a 
large filament located 2 arc min northwest of the main activity center exhibited 
strong off-band streaming motions from 20 : 50 to 23 : 55 UT. During this interval, 
the 1-8 A flux actually declined from 1 x 10 24 to 3 x 10 23 ergs s“* (evidently recover- 
ing from a small flare in the main region), and there was no significant change in the 
position of the center of mass of the X-ray emission compared to its position before 
or after the period of enhanced filament activity. We conclude that the amount of 
X-ray emission arising at the site of the filament activity could not have been more 
than about 10 23 ergss” 1 . another example would be the observations of McMath 
15124 on February 2, 1978. This region exhibited unusually violent and dramatic 
dark surge-like motions in the superpenumbra of the main spot throughout the 
period of observation from 17 : 30-24 : 00 UT. During this period, the rise of each of 
the three main X-ray enhancements observed by the MXRH was clearly coincident 
with a bright chromospheric flare, and no connection could be found between the rest 
of the X-ray light curve and the timing of the activity in the superpenumbra. Rust el 
al. (1977) have also noted a lack of X-ray emission from non-flaring surges. 

As to the tendency of peculiarities in either filament activity or X-ray output to 
anticipate the onset of flares, we could see nothing that would make these of 
significant predictive value for the sort of small flare studied here. As suggested by 
fable I, minor filament activity and minor X-ray fluctuations are a more or less 
constant occurrence, and in contradiction to the results of Martres et al. (1977) we 
could find no systematic change in their character during the interval of 10-20 min 
prior to onset of a small flare; and in the few instances where the X-ray level did rise 
slowly before the flash phase, as for about 10 min before the start of the Importance 1 
proton flare at 20:47 UT on April 30, 1977, it appeared that the chromospheric 
plages were also brightening slightly at the same time The only systematic cor- 
relation between flare and filament activity which we could see was that in virtually 
every flare studied a substantial disturbance occurred in the filamentary material 
lying between the flare ribbons at the time of the flash phase. The onset of this 
disturbance did not appear to significantly precede the onset of flare brightening, and 
while it is difficult to disentangle cause and effect, the X-ray light curves certainly 
seemed to follow most nearly the pattern of Ha brightening, independent of how 
much filamentary activity was involved. 

Because the high-resolution Ha films concentrated on young active regions, our 
sample did not include a useable example of a classic dispanuon brusque event, that is 
a sudden disappearing filament in a region of small or no spots. To complete our 
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study, one *uch example was taken from the patrol films obtained at Big Bear's Tel 
Aviv station. This event occurred on November 14, 1977 between 11:45 and 
16:00 UT in the decayed region preceeding McNlath 1 5025. As reported by Webb et 
ai (1976^ and by others, we found that the start of the X-ray event ocurred well after 
the start of the filament disruption. In this particular instance, a delay of 45 min was 
observed from the first observation of rising motions in the filament to the beginning 
of the X-ray enhancement (which was simultaneous with the appearance of farnt 
brightness in the chromospheric flare ribbons). The total 1-8 A output of this event 
was about 4 x 10 27 ergs in 3 hr 

In summary, we were unable to find any evidence of a direct association between 
filament or surge activity and X-ray emission in the absence of simultaneous 
chromospheric emission (presumably indicating a close link between the 
mechanisms producing the lauer two kinds of output). In addition, we were unable to 
detect any systematic peculiarity in either the filament or X-ray activity which would 
have allowed us to predict the onset of the flares studied here, except for the one 
disparirion brusque event described above. 
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